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PREFACE . 

In the spring of 1911 the writer was called on by the Coca-Cola 
Company, of Atlanta, Oa., for an opinion as to the inflnenoe of 
caffein on mental and motor processes. In the absence of adeqoate 
reliable data (see discnssion of previous investigations) it seemed 
necessary to conduct a set of careful experiments before any opinion 
could be rendered with either fairness or certainty. Such an in- 
vestigation was made possible by an appropriation by the Coca-Cola 
Company sufficient to cover all the expenses of the experiments. A 
later appropriation made possible the publication of this monograph, 
which presents in full the resnlts of>tbat investigation, a preliminary 
oral report of which was made by the writer in the U. S. Court at 
Chattanooga in March, 1911. 

The writer is well aware of a popular tendency to discredit the 
results of investigations financed by commercial firms, especially if 
such concerns are likely to be either directly or indirectly interested 
in the outcome of the experiments. He is also aware of a similar hu- 
man impulse at once to attribute interpretative bias to the investiga- 
tor whose labors are supported and made possible by the financial 
aid of a business corporation, and hence do not represent a vicarious 
sacrifice of time and effort on his own part. 

From the point of view of the immediate data any such bias can 
easily be avoided by having the measurements made and recorded by 
assistants who know neither the experimental conditions under which 
the records are being made nor the direction in which the facts 
may be pointing. If these data are then presented in full they 
may receive independent interpretation by any one who is in- 
clined to take the pains to examine them. Such conditions were ad- 
hered to throughout the experiments to be reported here, and the 
immediate data are given in full. Thus in no case did any assistant 
know whether the measurement being made was a caffein record or 
a control record (see chapter on method), and separate tables are 
given which present all these records. 

But the monograph would be relatively useless were no attempt 
made to interpret the data. The writer has therefore given the con- 
clusions based on bis own careful study of the records, and these con- 
clusions are, to the best of his ability, free from all suggestioQ of 
prejudice or bias. While he was compensated for the time given to 
iii 
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the experiments themselves and to the preliminaiy oral report, the 
considerable labor involved in preparing the results for publication 
is entirely his own contribution, and was undertaken on his own 
initiative. The invitation to direct such an iovestigation provided 
opportunity for a most valuable addition to scientific knowledge of 
the effects of the substance specifically studied; for a careful exami- 
nation into the value of various sorts of tests for the purposes of such 
study ; and for the accumulation of a great mass of data on a variety 
of problems of intense psychological interest. To have refused this 
opportunity to make a useful contribution to knowledge, and to hesi- 
tate to interpret the results of the study, simply through fear of the 
suspicion of bias, would have been nothing less than an evasion of 
scientific duty. 

In the light of these statements the reader must place his own 
estimate on the ability of the wtjtcr to free his interpretation of all 
su^estion of bias. The complete data are given. They have been 
compared from several points of view and by various methods of 
computation. The conditions of each experiment are explicitly 
stated. Conclusions can thus be checked up without diffictd^ by 
reference to the records themselves, or somewhat more inconveniently 
by a repetition of the experiments reporttid. 

H. L. HOLLINQWOBTH. - 
COLUHBU UKIYXKSRT. 
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THE INFLUENCE OF CAFFEIN ON MENTAL AND 
MOTOR EFFICIENCY 



CHAPTER I 

SUMHABY OF PsEVIOCS iKVBSTiaATIONS 

Thb literatore on the inSaence of caffein on fatigue has been bo 
recently smnmamed and the onreliability of the older experiments 
80 clearly pointed out by Rivers' that it seems auperflaous to go over 
the field again in any great detail. Hence the present chapter vill 
give only a brief summary of the most important researches which 
have had aa their object the determination of the iofiuence of caffein 
on mental and motor proceaaea. No attempt will be made to discuss 
the physiolc^cal effects of the drug, since auch summaries can be 
found in any of the standard works on pharmacology. 

In 1892 increase in the force of muscular contractions was dem- 
onstrated by De Sarlo and Bemardini* for caffein and by Eraepelin *" 
for tea. These investigators used the dynamometer as a measure of 
the force of contraction. Most of the subsequent wortc on motor 
processes has been by the ergographio method. Ugolioo Mosso,* 
Koch,* Rossi," Sobieranski,* Hoch and Eraepelin,* Destree," Bene- 
dicenti,* Schnmbei^,"' Hellsten," and Joteyko** have all demon- 
strated the stimulating effect of. caffein on ergographic performance, 
the drug being administered in such various forms as caffein, tea, 
coffee, kola, mate, gnarana and theobromine. Only one investigation 
of those reported by Rivers failed to find an appreciable effect, that 

■W. H. B. BtTflTB, "The Inflncmee of Alcohol ood Other Drugs on Fati^e." 
■2«t>tfta tiger, di FrmiotrM, IS, 1. 

■ JraMe tfol. de BiA., 19, 241, 1893. 
*In&iig. Diu., Marburg, 1891. 

■ 2«t>i«ta sger. A\ Fmiotno, 90, 458, 18S4. 
•CoHtroIbl. /. FAyMoI., 10, 126, 1SB6. 
<P«yeAol. Jrbeit., 1, ST8, ISM. 
■/oumal UeA. dt BnueeOes, 1897. 

• Moltiohott't DntertwUnmgen, U, 170, 1899. 

'ArOtiv f. Altai. «. F^«iol. (Phjaiol. Abth.}, SappL Bd., 1899, 289. 

"Abmd. Ardt. f. Fkyiiol, 16, 197, 19H. 

■ rrooiNix du Lab. de Fkyriol. Itut. Bolvay., 6, 361, 1904. 
2 1 
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2 INFLUENCE OF CAFFEIN ON EFFICIENCY 

of Oseretzkowgk? and Kraepelin.^* Fer4" affirms that the effect is 
only an acceleration of fatigue. 

Although there is general agreement here as to the presence of 
stimulation there is some dispute as to whether only the height of the 
contractions or their number or both are affected. The quantitatire 
results have also varied considerably, as might be expected under 
such great diversity of methods as has been followed. Carefully con- 
trolled experiments by Rivers and Webber"' "confirm in general the 
conclusion reached by all previous workers that caffein stimulates 
the capacity for muscular work ; and it is clear that this increase is 
not due to the various psychical factors of interest, sensory stimula- 
tion and suggestion which the experiments were especially designed 
to exclude. The greatest increase . . . falls, however, far short of 
that described by some previous workers such as Mosso, and it is 
probable that part of the effect described by these workers was due 
to the factors in question." Recent experiments by H. C. Wood, 
Jr.,** on the influence of caffein on isolated frog muscle bear in the 
same direction. 

Investigations of mental processes under the influence of caffein 
have been much less frequent. Dietl and Vintechgan'/ found a strik- 
ing and prolonged acceleration in the simple reaction time 20-25 
minutes after drinking two cups of black coffee. Dehio" concluded, 
on the basis of inadequately controlled experiments, that coffee and 
tea did not exert any considerable effect on simple reaction times, 
produced a veiy slight acceleration of choice reaction times, 
but stimulated to a striking degree word reactions and association 
reactions. The effect began in about 15 minutes after the drink and 
lasted longer in the case of the association reactions than in any 
other case (over 1 hr.). The acceleration is said to have been some- 
times followed by a retardation, but the different tests did not agree 
on this point and it is suggested that the retardation is only a normal 
fatigue phenomenon. These results are, however, quite unreliable, 
for the tests were often made on the evening of days on which ether, 
chloroform or alcohol had been taken in the morning, neither oostrol 
doses nor control subjects were used, and no normal records were 
taken on the subjects tested. The tests, moreover, lasted for only a 

■P«SOfcoI. Arbeit., I, 817, 1901. 

»C. £. do la Boc. de Biol. Parii, S&3-627, 1901. 

"W. H. B. Biven, op. ctt., p. 36. 

"Paper before Bection on Medieioe, CktUege of Pb;siciuiB of Philadelpliia. 

""Du VwhAlten der pbTsiolo^iicben Beftotioiuuit outer dem Einflnw von 
Uorphinm, Eallee and Wun," Ffiugen AreXiv, 16, 316, 1877. 

** " DntonaGhangen fiber den EinfluH dee Cafleius imd Theea auf die Daner 
eiufaeher pijcholOKiMher Vor^^ge," Diaa., Sorpat, 1867. 
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sfiort time, the variations found were quite within the normal range 
of Tariability for such limited number of observations as were made-, 
no attempt waa made to eliminate practise or fatigne; and no allow- 
ance was made for sensory atimulation, excitement or interest. 

Kraepelin'a'* earlier attempts to retest Dehio's results on associa- 
tion times are equally useless, since the results are affected by a 
practise fall of 50 per cent., the tests were performed at different 
times of day, on days irregularly interspersed among alcohol experi- 
ments, and the dose was not caffein in any of its pnre forms, but a 
brew of tea, with no control doses. Kraepelin's attempt to deter- 
mine the in&uence of tea on the content of the associations is similariy 
meaningless. In still later experiments, although by defective meth- 
ods, Kraepelin found acceleration in addition, retardation in speed 
of memorizing digits, increase in speed of reading, but ia not positive 
that the changes pointed oat were really due to the influence of the 
tea. He concludes that tea facilitates the perception of external im- 
pressions (Auffassnng ansserer Eindrticke) and the combination of 
ideas (Terbindung der Vorstellungen) . The latter factor is leas 
influenced in the case of much practised and stereotyped associa- 
tiona. The increase in work Kraepelin believes to be due entirely to 
these two changes, and snpposes that no acceleration of simple motor 
processes (Aualosung der Muf^elbewegung) takes place. The in- 
creased force of contraction in dynamometrie testa, which persists 
for a shorter time than the above influences, is explained as due to 
the direct peripheral action of the caffein content on the irritability 
of muscle tissue." 

Kraepelin concludes, finally (p. 224) : 

"The pietnre of the tea infloenu which we have thna B«etir«d agroea in all 
MMutial points with the esperieneea of daily life. We know that tea and coffee 
inereaoe our meotal efficiency in a definite way, and we nee theae aa a means of 
OTeieominK mental fatigue. ... In the moniisg theae drinks Temore the last 
traces of sleepiness and in the erening when we still have inteUectoal tasks to 
diqxwe of they aid in keeping ns awake. In large Bmounta and in the ease of 
MnsitiTe persons their ingestion delays sleep. On the other hand, the motor 
distnrbence, the tendency to boiaterone and silly eondnct, the peculiar enphoria 
and the exaggerated feeling of strength, characteristic of aleoboUe intozication, 
never reenlt from the use of tea and coffee. In thmr places ensues a greater 
briskness and cleamesB of thought. . . . Bnt seeondaiy fatigne is eithu' entirely 
absent or is very slight, whereas in the ease of alcohol it follows quickly and 
ineritably." 

■*E. Kraepelin, "Ueber die BeeinflBBsnng einfaeher psyehiseher Torgilnge 
dureh einige Ameimittel," pp. 107-148, 2ie-2ZB. 

* Bee Kobert, ' ' Dber den Ginfluss Tersebiedener pharmakologischer Agentien 
aof die Uiukelsnbetani," AroMv f. experimmtelU FafSologie ». Phamakologit, 
U, «3. 
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In s Btill later pieca of work Knepelin and Hoch*^ inveBtigated 
the influence, oo perfonoanoe in the addition test and in the pro- 
dnction of ergograms, of the two chief conatitneBts of tea — ^the caffein 
and the easential oUb. Both the caffein and the oila were found to 
exert a favorable inflaence, which was greater in the caae of the 
caffein. Faragoay tea had similar effects, which are attributed to its 
caffein content 

Ach** tested choice reactions and the speed and accuracy of the 
perception of words and nonsense syllables, in the case of two sub- 
jects, after .2 and .5 grains of caffein (whether alkaloid or citrated 
is not stated) administered in gelatine capsule. Control doses of 
common cooking salt were used on two days and caffein on three days. 
Control tests were also made before the doses on the caffein days. 
The results showed caffein to affect chiefly the accuracy and the time 
of perception, the influence showing itself in the form of improve- 
ment in both speed and number of mistakes. The choice reaction 
times show no clear effect, and the results, as a whole, are compli- 
cated by practise effect and by a considerable separation of two of 
the days from the other three. The caffein effect is said to begin 
about 20 minutes after the dose and to be measurably present after 
more than one and a half hours. There were indications that the 
caffein influence was stronger under conditions of fatigue. 

Bivers'* seems to have been the first to appreciate fully the 
genuine and practical importance of thoroughly controlling the psy- 
chological factors that are likely to play a r61e in such experiments. 
His analysis of these factors is pointed out in detail in the following 
chapter. Attempting to eliminate, by properly controlled procedure, 
all such factors as knowledge of the character of the dose, sensory 
stimulation, suggestion, excitement, interest and practise, Rivers in- 
vestigated both motor and mental efficiency, with special reference to 
the course of fatigue. His results on force of movement, secured by 
the ergographic method, have already been quoted. The experi- 
ments involving more distinctly mental factors (chiefly perception 
and coordination) were on typewriting and on McDougall's "accu- 
racy of aim" test. Caffein (.3 gram citrated), was found to increase 
the speed of performance in typewriting, but to have no influence on 
the accuracy. In the "accuracy of aim" test the caffein days were 
found to be superior to the control days. The chief objections to 
Bivers' experiments are the liniit«d number of subjects (only him- 

"Piytitol. Arbeit., 1, 431, 1606. 

"N. Ach, "Uber die BeinflBaBimg der Anff Mwtn»abi iffait dnieh «iiuge 
Anaaimittel," FayiAoJ. Arbeit., S0S-S69, 1001. 
"Biven, op. ett. 
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self and a f dlow worker) , tlie insufficieat length of time over whicli 
the ^ect of the dose was traced, and the small number of testa em- 
ployed. His -woik is especially valuable for its emphasis on experi- 
mental technique in administering the doses. 

BiTers' general conclusion is as follows: 

■ ■ The general praotieal eonelasiou to be drswn fiom tbe experimenta nhich 
I have leeorded, and from those of previous worken, ie that eaifein mereasea 
tbe eapaeit7 (or both mnacnlar and mental work, thia etimnlating action per- 
Bisting for a eonaiderable time after tbe inbstanee has been taken withont there 
being anj evidence, with moderate doaee, of reaction leading to diminished 
eapaeit; tor work, tbe aubBtance thna reallj diminiahing and not merely ob- 
■enring tbe effects of fatigue. The reeidta of one ezperimeut, however, point 
mmiiBtakabl; to the eonelnaion that, when taken in excess, the stimulating 
action maj be so transitorj' and foUowed tj so great a decrease that it majr 
legitimate!; be spoken of as an accelerator of fatigue. . . . The experiment 
anggeets atrougl; that caffein is a dangsroos remedy as a stimulant in cases of 
prolonged fatigue, or of that enhanced tendency to fatigue which is tbe char- 
acteristic feature of neurasthenia" (p. SO). 

Langfeld,** in an investigation of the influence of eaffein on 
"sTippreesion with negative instruction, " has recently reported that 
"eaffein caused a decrease in the reaction time for association, and 
showed no appreciable ^ect upon tbe suppression or aeeoracy of 
reproduction." 

Ttyaulogieal Sevietn, IB, No. 6, iU, November, 1911. 
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CHAPTER II 

The Purpose and Mjbthod op the Ezpebiubnt 

PRZvions experiments on the indnence of cafTein on psychology 
ical processes have been limited to a few tests of a very limited nom- 
ber of individuals, and have not been carried out under sufficiently 
rigorous experimental conditions. The processes tested in a given 
experiment have been few in number, the subjects have not been on 
a praotiae level of performance, the size of the dose has not been 
varied over any considerable range, nor has the drug been admin- 
istered unmixed with other substances which have in themselves a 
measurable influence on the processes tested, nor has the cafiFeiu in- 
flnenee been traced for any considerable length of time. Hence in 
making the present elaborate series of experiments the following five 
chief purposes were held in mind. Of these five topics the first four 
can be appropriately discussed in the present monograph. The fifth 
must he left for a future series of papers. 

Pdepobbs 

1. To determine both qnalitatively and quantitatively the effect 
of caffein on a wide range of mental and motor processes, by studying 
the performance of a considerable number of individnals for a long 
period of time, under controlled conditions. 

2. To study the way in which this influence is modified by such 
factors as the age, sex, weight, idiosyncracy and previous cafifein 
habits of the subjects, and the degree to which it depends on the 
amonnt of the dose and the time and conditions of its administration. 

3. To investigate the influence of caffein on the general health, on 
the quality and amount of sleep, and on the food habits of the indi- 
viduals tested. 

4. To inqoire into the value and adaptabili^ of a considerable 
array of simple testa with a view to their standardization for the pur- 
poses of pharmaco-dynamic research. 

5. To accumulate data on the effects of practise, fatigue, diurnal 
variations in efBcienoy, the physiological limit, individual and sex 
differences and various other allied topics growing out of such an 
extended series of testa on a lai^ number of subjects. 
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Plan and Pbocbdubb 

Id order to redace to a mminmm distractions and disturbances to 
which snch experiments are likely to be subjected, and to provide 
for the greatest conveiiieDoe of the experimented and the comfort of 
the subjects, s well-lighted aad veatilated aix^room apartment on the 
ground floor of a building in a quiet part of the city was rented and 
equipped as a special laboratory. An abundance of chairs, tables, 
recording materials and files was secured, and special lights, bat- 
teries and the requisite psyohologioal apparatus installed, including 
two motor teat boards, two Colombia chronoseopes, ten atop watches, 
a stethoscope, illnsion weights (3 sets), test blanks and the special 
tests to be described later. The tests were assigned to the various 
rooms and each room placed in charge of a competent assistant 
(see page 15). 

Sixteen subjects, ten men and six women, were engaged for full 
time for a period of 40 days, and were required to appear at the 
laboratory at stated times during the day or to r^oain there perman- 
ently as the ease might be, and to submit themselves at regular 
intervals to the series of mental and motor testa. These subjects 
were to abstain from the ose of all forms of caffein (coffee, tea, choc- 
late, cocoa), alcohol, nicotine and all other drugs, as well as from soda 
■ fountain drinks containing patent syrups, except in so far aa these 
drags were prescribed by the director or by the medical assistant. 
They were also to observe regular hours of eating and sleeping apd 
to report any unavoidable irregularities in these matters. Before be- 
ginning the experiment each subject subscribed to the following 
agreement: 

It is HEBSBT &OBKKD 

1. That I will absteln from the use in uij form or qn&ntitj, of tea, coffee, 
tobaeeo, ehoeoUte and cocoa, ooda-fonntaiu drinks eooUuning patent Ejrufa, 
aleoliolie drinks (iodnding beer) and all other inch drugs, except at the pr&- 
Mription of the Director, so long as I shall sarre as subject in thia experiment. 

2. That I will obserre regular hours of eating and deeping during the same 
period, taking mj meals at the hours to be later preKribed bj the Director. 

3. That I will exert myself in eveij trial of everj test to maka the beat and 
speediest record possible for me. 

4. That I will eonscientioaslj report to the medical adviser the condition of 
mj health from daj to daj>, along with anj other items concerning which infor- 
mation m^ be desired. 

6. That I will serre aa subject in this experiment for as man; of fortj days 
aa my asaistanee ma; be desired. 

Q. That I will appear regularl; and promptl; at tbe teat hours. 

7. That I will obaerre all other reasonable instmotiona which the Director 
ma; from time to time suggest for the good of the experiment. 

8. That the failure to obserre these instructions and conditions to the satis- 
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fBetion of the Director BhaU be deoned Buffleient itehoa tot forfeiting all eom- 
peosatioit for buj MTTiee I may hsve rendered np to that time end for termi- 
nfttfng my eonneetioa vith the experiment. 

D. That I will if deaiied, at the elooe of the experiment, take oath before a 
aotarr poUie that I have lived up to tbe conditions of this a^eement. 

The experiment as performed consists of three separate sections. 

A. A series of tests covering a period of four weeks, in whieb all 
the subjects went through the tests five times a day (each time re> 
quiring abont one boor) at 7 :45 and 10 :00 a.m. and at 12 :15, 3 :10 
and 5 :30 p.m. This arrangement left abont one hour between tests, 
during which time the subjects were free to go about their own work 
or to remain in tbe laboratory reading, sewing, etc. During the 
first week, in order to allow all aubjecte to get perfectly adapted to 
tbe experiment and to become practised in the tests, sugar of milk 
doses were given to all individuals daily. After this week the caffein 
doses began. The subjects were then divided into four squads. To 
one squad (I.) consisting of four subjects, no caffein was admin- 
istered throi^hout tbe experiment, but the control capsule, contain- 
ing sugar of milk, was given daily. A second squad (II.) consisting 
of three subjects, alternated throughout the experiment, taking caf- 
fein on three days and sugar of milk on the following three days, at 
10:30 A.H. This squad lunched between one and two o'clock. Tbe 
cafFeiu dose varied from one to six grains, the same amount being 
taken on each of a given set of three caffein days. A third squad 
(III.) consisting of three subjects, took caffein and sugar of milk 
on alternate daj^, at the lunch hour, the dose vaiying from one to 
six grains. Squad IV. consisting of five subjects took caffein and 
sugar of milk on alternate days from two and a half to three hours 
after lunch, which was, in these cases at 11 :30 a.h. (For details con. 
ceming the character of the doses and the methods of administering 
them, see a later section of this chapter, p. 10.) 

B. The second section, an intensive experiment of three days, 
was performed in order to study at close range the effect of caffein 
on the various processes tested, and to detennine its time relations in 
the various cases and with the different subjects and squads. Is 
this experiment the plan was followed of having all the subjects as- 
semble at the laboratoi7 at 10 :00 a.h. At this hour the testa were 
begun and were kept up continuously for about 12 hours, except for 
two 45-minute periods allowed for lunch and dinner. All subjects 
ate at the same place at lunch and dinner of these three daj% in 
order to eliminate variations due to differences in diet, condition of 
stomach, and to exercise going to and from tite laboratory. The 
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meala vere prepared and eateo in the hoose in whicli the laboratory 
was sitaated. B7 this means the action of the doses cotild be traced 
at close range, since all subjects retomed repeatedly to the same test 
after having juat passed throogh all the others in immediate succes- 
sion. Fifteen records for each subject were thus secured for each 
test OD each of the three days. 

The same subjects were used as in the first seotioo of the experi- 
ment, except that one man and one woman were absent throughout. 
These subjects were, then, all trained and practically on their prac- 
tise level in the tests, having perfected themselves by the 140 trials 
during the preceding fonr weeks' experiment In this section the 
subjects were again divided into four squads. Squad I. took caffeia 
along with soda fountain syrup and carbonated water, after the 6th 
trial on the Ist and 3d dsTs, and a sugar of milk capsule at the same 
time on the 2d day. Squad II. served as a control squad. On the 
first two days th^ took only sugar of milk capsules, but on the last 
day, after the 6th trial, they took 3 gr. of caflein, which was fol- 
lowed by 2 gr. more about an hour and a half after the evening meal. 
Squad III. took 3 gr. of caffein on the 1st day, after the 6th trial. 
On the two remaining days they took only sugar capsules, the 
object being to trace the action of the original dose for at least three 
days after taking. Squad IV. took 6 gr. of caffein on the first day, 
and only sugar capsules on the days following, the object being here, 
as in Squad III., to trace the action of the first doae during the fol- 
lowing two days. 

C. The third section of the experiment was designed to deter- 
mine the effect of caffein when taken along with food substance in 
the form of syrup such as is commonly contained in soda fountain 
drinks, and to compare this effect with the action of the «ymp when 
taken with no caffein ingredient. This experiment occupied 7 days. 
On two of these dE^ no dose was administered to the subjects. 
These are called blank days, and they show what sort of performance 
one may expect in the tests employed when thoroughly practised 
subjects are used and no drug of any kind taken. On two other days 
all the subjects took doses of plain syrop, served with carbonated 
water so as to enable the effects of simple sensory stimulation to be- 
come apparent. On the remaining three days the same syrup was 
served in the same way, except that 1.2 grains of caffein alkaloid were 
added to each glass of the drink. On one day 1 glass of the caffein- 
ated symp was given to all subjects 15 minutes before beginning 
the tests at the 3 :10 period. On another day 3 glasses and on the 
third day 5 glasses were given, the three amounts thus containing 
1.2, 3.6 and 6.0 grains of caffein. 
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The tests during this third Beotion of the experiment were held 
five times a A&y, as in section 1, and at the same time of day. When 
the one glass dose was tak^i it was served just before the 3 :10 test. 
In the other cases a dose was taken before each of the aftemoon tests. 
As aubjeeta in this seotion, twelve of the persons used in the tests 
of the previous month were used. They were hence practised in all 
the tests, thoroughly familiar with the method of procedure and per- 
fectly adjusted to the experimental conditions. The whole group of 
12 acted as a single sqaad, so that all received the same dose at the 
same time of dsf . The aubjects in no case knew whether they were 
taking the plain or the caffeinated syrup. In fact they knew noth- 
ing about the character of the dose except that the experiment was 
to determine the ^ecta of soda fountain syrups on mental and motor 
processes. 

SUBJBOTS 

In going through the tests at the appointed hoar the sabjects 
came to the various rooms in squads of three, the identity of the 
squads being permanent throughout a given section of the experi- 
ment. The tests were so distributed in the various rooms and among 
the various assistants that all the five squads would complete their 
tests in the respective rooms at approximately the same time. At a 
whistle signal on the part of the director the squads shifted from 
room to room, and bo on through the five shifts which completed the 
hour's woi^ Each subject was given a number by which he or she 
was known througftout the experiment, and by which reference to 
individuals will be made in the chapters to follow. The following 
table gives the number and name of all the sabjects, alot^; with 
their age, sex, weight, occupation, previous caffein habits, and the 
squad to which each betoi^ed in Section 1 and Section 2 of the ex- 
periment The writer wishes at this point to acknowledge his obliga- 
tion to these subjects for their faithfulness and zeal throughout the 
experiment. 

DosKS AND Theib Adionistbation 
Many sources of error exist, in such experiments, in the char- 
acter of the dose and in the way in which it is administered. The 
principal dangers have been so clearly painted out by Biveis that I 
can do no better than quote, at this point, the following important 
paragraphs from his chapter on the action of drugs. 

"I can now pass to a fwtnre of method . . . designed to elimiiiftt« the influ- 
ence of certain pefchieal faeton which have nndonbtedlj' been allowed to aJIeet 
the reaolta of neaily all who have eiperiniented on the action of dnigi. Uany 
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Tarn SuBJioTS 

■f-lfki* 

F— F*- Cimn BqoBd Bqiud 

Mlm* Af* WH^t aul* OociapBUaii BibUa Bw. 1 Bm. 1 

CB.A. 99 t H Teaeber B«gnlmr I. U. 

E. A. B. as t f Wife of CoU^e Begnlar Worked slooe 

Instructor at tTpewriting 

A. E. C. 39 ITO P Wife of Qr»d- Abrtainer in. IV. 

nate Student 

H.W.E. 1ft 124 M Student Hoder«te I. Z. 

B. N. O. 33 lOS F Wife of Tekcber Begnlar IT. — 
W.A.J. 33 125 F Wife of College Begnlar IT. IH. 

Inatmetor 

8.A.F. 19 163 U Student Moderate I. H. 

G.L.L. 84 144 U Ondnate Stndent BeguUr n. IH. 

A.M.HeO. 21 130 M Student Abet&iuer UL HI. 

C. H. N. 28 167 H Lew Student OecMiooal IT. IT. 
F.C.S. 87 110 F Wif e of Orsd- Abstainer IT. L 



18 K.E. B. 24 leO M Or&duate Student Begulu IL UL 

13 T.H.B. 22 17S U Stndmt Begalax XL — 

14 B.E.8. 87 193 U Oraduute Student Oeoaaional m. IT. 

15 a B. S. 34 108 F Wife of College Oeeauonel L U. 

Inetruetor 

IS T. W. T. 84 174 H Lnw Student Begnlu IT. UL 

of tbeee worken have eonsidered the poeaibilitj tbet tbeir reenlte mej have been 
influenced hj auggeetiou, or of bias towards resnlta whieh were to be ezpeoted 
theoretieaU;, and eome bave Bbown tbat effects siioilar to those following tbe 
administration of a drug may be the consequenee of the administration of a 
wholly inaettve subetonee which is mpposed b; the subject to be tbe drug ia 
question. Few, however, have adopted the obrions precautions which sueh eon* 
siderationa snggeet (that of using a centrol lubetanoe). 

"The factor which prerloos writers have considered under the title of 'sug- 
gestion' is far from being ^e only source of error in work on the action of 
drags. FeT« has shown that the senaorj stimulation involved in the act of 
taking a drag into the mouth and swallowing it may have a very decided effect 
on the amount of work executed on the ergograph, but even this knowledge did 
not lead him to adopt any control in his numerous reeesrohee on drags. 

"There is however another factor which ia probably more important tbao 
either swisory etimnlation or snggeetion, vis., the interest and ezeitement pro- 
duced by taking a substance when the discovery of its effect is the motive of the 
whole experlmait. ... If sncb a oondition of interest as that arising from its 
being the first or last day of an e^Mriment, or that resulting from the view of 
the wei^t rising as the finger contracts, can have very e^preeiable effects on 
the amount of wo^ it is clear that so interesting on oeenrrence as the admin- 
istration of a drug must have a decided inflneoea and the intareet so aroused 
will probably be equally great whether tbe nature of the drug Is unknown, so 
that there ii an element of mastery in the occurrence, or whether Its nature 
is known. 
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"A diSenltj which aiisee in drug uperimeDti is due to the practiM of 
taking ■■ part of the nonnal diet BnbataDCM which have an effect on the capacity 
for work; and tbia difficulty beeomee especially great when it is one of these 
dmgB which is the subject of the ezperimeDt. 

"If the use of the active SQbstance is only given Dp shortly before the com- 
mencement of the experiments, there is a further danger. Even in those who 
only take saeh a snbetance in moderate amounts, its disuse is probably followed 
in some degree by the craving which is so pronounced after discontinuance of 
large amounts, asd, slight and hardly noticeable as this craving may be, it may 
yet be sufficient to produce an obvious effect when the article of which the 
penon has been deprived is administered experimentally. The effect of the 
substance given experimentally may be the result, not of its nonnal physiological 
action, but of the satisfaction of the craving. 

"In carrying out an experiment of this kind, extending over a number of 
days, it is eesential that all the conditions of life be kept as constant as possible. 
The same amount of sleep must be taken every night, the meals must be of the 
same kind and at the same times every day, the B&me amount of exercise must be 
taken, and the same amount of other work done." (Bivers, "The Influence of 
Alcohol and Other Drugs on Fatigue," pp. 15-21.) 

In the present experiment an attempt was made to take account 
of all tbe Bources of error pointed out in this excellent analjsiB. 
The first error waa avoided by administering, on days known only to 
the director, an inactive snbstanee (attgar of milk) in the same man- 
ner and at tbe same time that tbe caffein doses were given on the re- 
maining days. These days were not the same for all the subjects, 
and the result was that neither the subjects going through tbe tests 
nor the assistants who were making the measurements and records 
knew at any time whether the record was being made under the 
infiuence of caffein or of the inactive control substance. 

In order to make the two substances completely indistinguiBhable 
and to reduce to a minimum the factor of sensory stimulation, the 
doses were administered in capsule form (except in a few test cases 
specified in the text). The caSein and the control substance pre- 
sented the same appearance and neither substance was ever tast«d. 
In some cases the capsule was taken along with a drink of water, but 
in most cases no auoh assistance was required. 

The fact that the caffein days were thns unrecognizable helped to 
reduce the disturbing influence of excitement and interest. These 
factors were farther reduced t^ running all subjects for one week 
on control doses only (quite without their knowledge, of course). 
This procedure not only served to get the subjects adapted to the 
conditions of the experiment before tbe drug doses began, but at the 
same time brought their performance to a more uniform practise 
level. Since all subjects gave up the use of all drags three days 
before the experiments began, this additional week gave an interval 
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of 10 days in which those who had prenoosly used caffein migjit be- 
come adapted to its discontinaance. 

It haa abreadj been stated that all the subjecti conformed to a 
fixed roatine of time of meala, hoar of retiring, amoont of wortc, eto., 
BO far as this was possible. And daring the intensive experiment, in 
order to perfect this roatine, all the subjects were fed at the same 
table and spent the whole day in the laboratory. 

Aa a further cheek on the character and qualify of the drug used, 
two commercial brands of eaSein were administered and the records 
of administration of Aoaea distingnished between these two brands. 
One of these (Schaeffer's) was identified and prepared in capsnle 
form by the prescription department of Eimer and Amend, whole- 
sale dm^nsts in New Yoi^ City. The other brand (Mallinckrodt's) 
was taken directly from the stock of the same firm. No difference 
was found in the action of the two brands, but the facts are given 
here simply as a point in the general technique of the experiment. 

SUPPLEHENTABT InFOBHATION 

Through fixed routine of life on the part of the subjects, by the 
maintenance of uniform temperature in the laboratory, etc., it was 
endeavored to keep the conditions of the experiment as constant as 
possible. But no amount of precaution can perfectly control the 
conditions to which an organism ia subject throi^hout a period of 
40 days. In order to supplement these precautions, and for the per- 
sonal information of the director and the convenience of the medical 
adviser, the results coming from the tests were further checked up 
by daily memoranda recorded by each subject throughout the ex- 
periment Each individual kept a "daily health booh," in which 
record was made of the condition of health and spirits in both fore- 
noon and afternoon. Any unusual indications, symptoms, etc., wt-re 
noted, the hour of appearance and the continuance of these indica- 
tions, and their character in detail stated. This account was of 
course purely introspective. Any outside circumstances of an un- 
usual or disturbing character were also reported. The approximate 
number of hours sleep was recorded after each night, and the qual- 
ity of sleep classified as hetter than usual, ordinary, or worse than 
utwA. In the case of the female subjects the beginning and end of 
the menstrual period were also noted. The hearts of these sobjecta 
were also examined stethoscopically at the beginning of the experi- 
ment t^ the medical aasistant. 

At the dose of the complete experiment each subject was re- 
quested to reply to the following questionnaire ; 
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QnEanomiAmi 
(To be Biuwered bj &U snbjeeta in the book provided) 

1. U before the experiment began jon nera Mcnatomed to the use of coffee, 
ten, tobacco or an; fonn of alcohol, have joa found TonrseU miMing or longing 
foi auj of these during the past five weeks, or have 70a been able to go without 
them without an; desire or dieeomfortt Specifj coneemlng each of the sub- 
etancee mentioned. Explain aa fnllj M ponible with reference to coffee and tea 
in particular. 

2. On the whole do 700 And Tonrs^ in better or worse general condition of 
health, spirita and general efficienej, or do yaa notice any change at allf What 
was TOOT weight when the ezperiiDent began! Wbat ia it nowf 

3. Have 70D at anj time during the experiment read up in an; kind of 
treatise a discussion of the supposed effects of caflein on mental and phTsiolog- 
ieal processee, or in any other way made such inqniryt If bo, do jroa think that 
knowledge or suggestion thus acquired has in anj way influenced your health 
reports, 01 sn^eBted special symptoms which yon might otherwise have ignored t 
Kindly discuss this as fully as possible. 

4. Will yon kindly diseusa each of the following teste to the beat of your 
ability, giving as much information as ponible, from your own observation and 
self -eiftmin ation, on the questions wliieh follow the list of tests. All that you 
can say here with certainty, and with no attempt at mere guessing will be 
much appreciated. 

Color-naming Teet, Weight Tett, 

Naming Oppoaitea, Discrimination Beaction, 

Colcnlation Test, Tapping Teet, 

Cancellation Teet, Steadiness Test. 

Three-hole Test, 

(a) What particnlaT dilBcultiee did you have with the teet in the beginningf 
Did yon overcome these difficoltiea in any eonseiona way which you can here 
describe or did yon just happen upon the better method qnite unexpectedly 
and nnconscionslyf 

(b) On days when you did not seon to be able to do the teet as well as 
usual, what seemed to be the difflcultyf Were yon able to overcome this diiBenlty 
in any way on the days in question or did it simply stay and go away later of its 

(n) If in the course of the experiment yoo came to change yonr method of 
doing the teet from time to time will you kindly describe theae ehaogee, tell in 
what they consisted, what suggested them, and whetiier they proved better or 
worse than the original methods. Did your chief iniprov«nent come from simple 
practise and repetition, from observing the better methods employed by others, 
by deliberately trying improvementa of your own, or by aceidoitBlly happwing 
upon better methodst Explain in each ease aa fully and clearly as yon can. 

Kindly answer the above questions as fully as yon can, for each of the testa. 

9. Have you at any time during the experiment been able to knew whether 
yoD were taking eafftin or not, in your capsules, at the time of taldngi This 
does not mean, of course, after any effect which the subatauee may have had 
began to show itself. If so, kindly state how and vdien. 

6. WiD yoo kindly state at this point whether or not you have conformed 
to all the reqniremoits concerning sleep, diet and regular habits which you 
■greed to observe throughout the nperiment. 
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The Tests 
Tbe teste employed have been briefly enumerated in the preced- 
ing qaestionnaire. Each will be described in detail in the appropri- 
ate chapters of the following discussion of results. Except in the 
case of the size-weight illusion and in that of the steadiness test, tbe 
quality and quantity of the performance remained constant and the 
measurement was made in terms of t^e time of performance (speed). 
A rough record was made at the time of the test and this record was 
subsequently copied into a final book and a duplicate of this book 
made. The individual records were then averaged in varions ways, 
and these averages placed in separate books. The averages of the 
various squads were also computed and recorded separately. These 
five methods of recording were adhered to in all the testa, by all the 
assistante. No assistant was aware of the records made at any time 
by any of the subjects in any test save those of which he was in 
chaise. Except for a weekly announcement of the best five records 
in each test, the subjects themselves knew nothing concerning the 
recoi;d they were making except in bo far as this knowledge was 
based on their own opinion of their performance. 

Assistants 
The writer's appreciation of the splendid service rendered by the 
following corps of assistante is here gladly expressed. 

LAfiOa&TOKT AaSlSTANTB 

Leta Btettor HoUingworth, A.B., Anistant Director. 
MiM L. O. StATouoii, A.B., MJ)., AwistBiit and Medical Adviser. 
Uioa Margaret Tower Hart, A3,, Aaaiitant in B^nrimental Pajebologj, Bar- 
nard Collie. 
A. E. Chriallp, A3., U.A., Candidate for FtuB. in F^^eliolag;, Colombia XTni- 

A. J. Culler, A3., C^didate for Pb3. in PsTchelogr, Colombia TTniTeralty. 
E. S. Strongy Jr., A3., M.A., Pli3., Fellow in Faytkaiogj, Colombia tlniversitj. 
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CHAPTER III 

Dbsobiftioh of th£ Tests 

I. Perception and Association 

SmcB thinkiDg is so lai^ely s matter of the association of ideas, 
a set of three simple association tests, representing different degrees 
of complexity, were chosen to represent this sort of mental procea in 
the present experiment. These three degrees of complexity are fairly 
clearly recognized in daily life aa well as in the classical laboratory 
experiments. (1) The names of the objects of onr experience are 
associated with the direct perception, through some avenue of sen- 
sation, of the objects themselves. (2) Ideas are associated with 
other ideas, names with other names, words with other words. 
(3) Tasks and situations of a more or less specific character are as- 
sociated with ideas which will handle or solve them effectively. 
1. Association of Ideas and Words with Simple Objects of Experi- 
ence. 

This process is illostrated by the Color-naming Test. The ex- 
periment is designed to measnre the speed with which the name or 
idea can be brought to consciousness apon the sight of the object, 
which is in this case a eolor. On a white cardboard background, 
26 cm, sqoare, were pa8t«d 100 colored squares (1 cm, sq.) of paper. 
Each of the colors, red, orange, yellow, brown, green, blue, violet, 
pink, gray and black, occurred 10 times on the card, the 100 squares 
being arranged in a chance order, and placed 1 cm. apart. The card 
was placed face downward on the table before which the subject sat. 
The instntctions were to turn the card over at a given signal from 
the assistant ("Beady," and, after 2 seconds, "Go"), and to read 
the 10 lines of colored squares through, naming aloud, as quickly as 
possible, the correct name for each square. The lines were read 
from left to right. The assistant held a similar card and said "No" 
whenever a color was incorrectly named, and the reader was required 
to give the correct name before proceeding. The score in this test 
was represented by the total time (recorded by the assistant in fifths 
of a second) required to name through the 100 colors correctly. 

In order to eliminate differences and variations due to possible 
nnfamiliarity with color names, each subject was given a few pre- 
liminary trials in which the proper simple name was associated with 
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each of the colors. In order to eliminate any memory effect which 
might have come from naming the series over repeatedly in the aame 
order, the plan was followed of taming the card about (90 degrees) 
on the second trial of the day. This was done for each of the five 
trials on a given day, the last order thus being the same as the firat, 
for any given day, the three other orders having meanwhile inter- 
vened. This practise was followed only dnring the first four weeks, in 
which only five tests were made daily. The same sequence of orders, 
A, B, C, D, A, was followed on all the days. Daring the intensive 
experiment (three days, 15 trials daily) no changes in order were 
made, order A being used throughout. As a matter of fact very little 
memory effect was found to be present. At the close of the experi- 
ment all the subjects were tested for memory effect by first asking 
them to recite the various orders from memoiy, and then by giving 
them the first three names of a given order and asking for the fol- 
lowing colors. In spite of the fact that the colors had been named 
220 times by each subject during the experiment, no one was able to 
do more than give a few groups of three or four colors in their 
proper order, and even the proper location of these groups in the 
series or on the card was impossible. The assistant who had gone 
over the test about 3,300 times knew scarcely more about the order 
of the colors than did the subjects themselves. There had been of 
course no intention to memorize, in the test, and the result affords an 
interesting suggestion with respect to the part played, in memory 
processes, by the "determination to learn." 

In the beginning of the experiment this test constitutes a meas- 
ure of the individual's familiarity with colors and color names, and 
his accuracy of color discrimination, as well as the absolute quick- 
ness of the asBociation process involved and the facility of articula- 
tion. As the experiment progresses it affords a measure of the indi- 
vidual's ability to improve by practise, bis degree of interference as 
shown by the tendency of a preceding idea to inhibit or interfere 
with the correct perception and expression of the next stimulus. It 
also measures the regularity of his performance and bis susceptibil- 
ity to fatigue. The Color-naming Test has been recommended by 
Cattell and Farrand ("Physical and Mental Measurements of the 
Students of Columbia University," Psychological Review, Novem- 
ber, 1896, p. 642) and has been used for several years in the Co- 
lumbia Laboratory (see Wissler, "The Correlation of Mental and 
Physical Tests," Psychological Review, MoDograph Supplements, 
Vol. III., No. 6,1901). 
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2. Asiodation of One Idea viith Another Specific Idea. 

This process is represented in our experiment by the test of 
Naming Opporitea. On a cardboard which lay face downward before 
the anbject was the following list of 50 adjectives, typewritten, in 
two paralld vertical columns of 25 each. The instructions were to 
tnm the card over at the given signal and proceed down the list, 
naming abnd the opposite (in meaning) to each word in the order in 
which it occurred. The time required for this performance was 
measured by the assistant in fifths of a second. In order to make the 
test one of association time rather than of linguistic knowledge, such 
errors as giving an adverb as the opposite of an adjective, etc., were 
pointed ont If an unacceptable word was given the assistant ex- 
claimed "No" and the subject was required to give a correct oppo- 
site before proceeding. The same fifty words were used at each 
trial, but each time they occurred in a new and chance order, deter- 
. mined by shuffling a deck of cards on each of which one of the words 
was written, and making out the typewritten list in the order in 
which the cards tamed up. 

Naioe thx Opfositk ot Eaob Word, ik Tdkn, as QmcKLi as Posbibli 



lond 


fertile 


vagne 


nub 


tragic 


.lavenly 


wise 


Budent 


ripe 


graceful 


innoeent 




foreign 


daogerona 


ahallow 


broad 


beavtifnl 


timid 


prompt 


dnmk 


public 


sMred 


barmoniotu 


fleUe 


dondf 


■tele 


brief 


COM» 


ariatoeraUe 


ehaip 


■ieUr ' 


defective 


noiey 


peenliar 


Btormj 


BV 


belplen 


p»t 


talkative 


idle 


lOotUng 




hostile 




eavage 


eowardlf 


doubtfnl 


gentle 


TietorioQB 


la.7 



These words were chosen from a list of 200 which had been previ- 
ously applied by Professor B. S. Woodworth to many individuals, 
measuring the time required to name the opposite of each word when 
the words were presented separately instead of serially. The above 
list of 50 adjectives were chosen because they all fell into the class of 
"moderately difficult," their average times ranging from 2 to 5 
seconds. ' 

The Oppogites Test is a much used one in experimental and edu- 
cational psychology and has been found to correlate to a fairly high 
degree with other tests designed to measure "mental abili^."' As 
the test is conducted the mental process is essentially one of cou- 
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trolled associatioti, -with the quality and qaantity of the performaDce 
ooDBtant and the time variable. To think of the exact answer to a 
question, the precise address of a friend, the exact shade of meaning 
of a word, delicate distinctions of connotation in the use of lan^nage, 
all involve processes of controlled association, processes in which, 
from many ideas which the Htimolns calls np, the one appropriate 
idea is recognized, selected and expressed, while the false or inade- 
quate ideas are repressed. Hence this test indicates the ability of 
the individual to select the appropriate response from the host of 
ideas which follow in the wake of a stimnlns word. It is an index of 
speed, aconracy, linguistic feeling, and of the ability to repress nse* 
less or irrelevant ideas. At the same time it shows the ability of the 
individoal to improve by practise in anch a performance, as well as 
the regolarity of that performance. It is a test of association proc- 
esses, bnt of association processes of a consideTably more complex 
kind than those involved in the Color-naming Tett. 
3. Ataodt^ion of an Idea vrith a Specific Tatk or Situation. 

A still more complex stage of aasociation is found when a specific 
task or sitoation calls for an appropriate and immediate response. 
The ideas themselves are not ^ven. The individual mnst provide his 
own ideas and images, and may manipnlate them in his own way, 
but he must in some way come out of the process with the right re- 
sponse. It is thus a case of evolving an idea to meet an unexpected 
situation. The question will be, bow qoickly can the individual 
manipnlate his mental processes so as to call np the right idea in his 
eonscionsness and set up movements of articolation which will ex- 
press to an onlooker the result of his thinking. The Cdlcvlation Test 
was chosen to represent this t^pe of association. A card was pre- 
pared containing 50 two-place numbers between 20 and 80, all num- 
bers ending in being omitted.* These 50 numbers occurred in a 
random order, and each number occurred but once in a list. The 
subject was required to tnm the card face upward at the starting 
signal, and, without the aid of any graphic device, to add 17 mentally 
to eadi of the numbers on the card. The answer was to be spoken 
aloud and was checked up by the assistant who held the key card 
contuning the correct answers. In case of a false calculation the 
subject was required to correct his answer before proceeding. The 
time required to perform the 50 additiona was measured in fift^ of 
a second. At the next trial the same numbers appeared on the eaid, 

■For demonstntioii of the adTUtsgM of thia t]np« of «alenUtioii test Me 
F. L. WeUa, "Stwdard Testa of Aritlunetieal AiMcUtiona," J<mnua of PMto*- 
cpAy, FtyiAolotftr «<^ fioimtijlo Method*, To]. IT., No. 19, September IS, 1907, 
pp. 510-nS. 
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but in a new random order. In the intensive experiment the liat was 
increased to 75 numbers, 25 of the original ones thus appearing twice 
in the series. During the experiment of the last week, 100 numbers 
were used, each of the original 50 thus appearing twice in random 
order, 

II. Discrimination, Attention and Judgment 

In order to determine the influence of caffein on such higher 
mental process as sensory discrimination, attention and judgment, 
three tests were employed, the familiar size-weight illusion, a can- 
cellation test, and a series of measurements of choice-reaction times 
to color stimuli, 
(a) Discrimination. 

In order to determine whether or not such release of central con- 
trol as might conceivably be produced by caffein would result in a 
correspondingly increased susceptibility to illusion, what is tech- 
nically known as the size-weight test was employed.' From a group 
of 14 cylindrical weights of the same size (2.5-3.5 cm.) but differing 
in weight (from 15 to 80 grams, by increments of 5 grams) the sub- 
ject was required to select the one which seemed to him equal in 
weight to a constant standard block which was several times the size 
of the weights constituting the series. This standard was a 55 gram 
weight, cylindrical in form, 4 cm. in height and 7 cm. in diameter. 
The weights rested on a flat cushion made of heavy towelling, and 
were lifted with thumb and foreflnger, the weights being alwsys com- 
pared with the standard and never with each other. The normal 
tendency here is to select a weight which is much lighter than the 
standard block, usually lees than half as heavy. The subjects were 
all unaware of the presence or character of the illusion and were 
unable to identify the weight selected on previous occasions. 

The normal illusion was present with all subjects, and increased 
in amount as the experiment progressed. But comparison of the 
caffein days with the control days shows no difference in the amount 
of the illusion. It is possible that this was due to the fact of the 
5 gram differences between the weights. No difference smaller than 
5 grams could thus be detected, although some influence might have 
been disclosed had the weights been graded by smaller amounts of 
difference. Since this test failed to yield any result it was discon- 
tinued after the first four weeks and was not used during the inten- 
sive experiment nor during the final experiment of one week. Since 
the results of this test have no apparent bearing on the character of 
tlie caffein influence they are not included in this monograph. 

• See E. W. Seriptore, ' ' The New Payeholog?, ' ' pp. S72~2B2. 
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(&) Attention and Discrimination Combined. 

The Cancellation Test. — Various fomiB of the caaceUation test 
have beeQ employed in investigations designed to measure the degree 
of attention, diBtraction, discriminatioQ, fatigue, etc. In the various 
fonns in which the test has been used the task has been that of croea- 
ing out all the cases of a given letter, figare, word, or symbol, or 
some eombiDatioQ of these occurring on a printed sheet along with 
othermaterial from which the given symbols have to be discriminated. 
In these tests the measure usually consists of the time required to 
complete a given amount of cancellation correctly. It ia assumed 
that the best speed will be made under conditions of maximal atten- 
tion and that any tendency to distraction will be reflected in the 
speed of performance provided the quantity and quality of t-he 
work remain oonstant.* 

Such a cancellation test was used in section 1 of the present ex- 
periment. A printed sheet contained each of the digits from to 9, 
repeated 100 times. The sheet contained 20 lines, and each digit 
occurred 5 times in each line. Aside from this regularity the dis- 
tribution represented a chance order. The subject was required to 
begin at the upper left hand comer and to cross out with a pencil 
all of the 2's, 3's, 5'e, 6'b, or 8's. A different digit was used at each 
of the five daily trials, the order being that in which the digits are 
named above. Obviously these five digits can ncyt be distinguished 
with equal ease and speed from the backgroimd of the printed sheet, 
so that the absolute speeds made at different times during the day 
can not be compared except in terms of ratio. But, contrasting caf- 
fein days with control days, either the totals or the separate trials at 
the various hours may be compared independentiy of the digit used 
at the time. In order that the quantity and quality of the perform- 
ance be kept constant throughout, the subjects were informed that 
each digit would occur five times in each line, and were instructed to 
mark off all five in a given line before proceeding to the next one. 

This test is a difficult one to handle in practise because the indi- 
vidual subjects will differ in their acuity of vision and in their sus- 
ceptibility to the eyestrain which the test easily induces. To use the 
total number of lines (20) on the sheet was found to be impracti- 
cable. During the preliminary week only ten lines were used, and 
after Aat the number was increased to fifteen lines, at which it re- 
mained throughout the remaining three weeks in which caffein was 
administered. One of the subjects (No. 1) of the control squad was 
unable to continue the test after the first few days because the eye 
strain involved rendered its performance painful. 

•Soe 0. M. Whipple, "Manual of Heatal and Ph^ical Teeta," pp. 254-270. 
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(c) Discrimination an4 Choice Reaction. 

This test was made with the aid of the "Columbia" chronoscope, 
a form of the pendalam chronosoope designed by ProfesBOr 
Forbee, of the department of physios, Colnmbia tlnivendty. A 
spring release key which presented a colored disc in the ezposnre 
aperture, set free at the same instant a pendolum which swung across 
a scale graded in ngma nntil the pressing of a key on the part of the 
subject completed an electric circuit through a pair of magnets. 
These magnets caught the pendalam in its awing and held it before 
the graded scale until the record eoold be read by the operator. The 
subject was instracted to react to the appearance of a red disc by 
pressing, as quickly as possible, with the forefinger of the left hand, 
a tel^raph key in circuit with an electric bazzer. On the appearance 
of a Vine disc he was to react in a similar way on a key in his right 
hand. This key was in circuit with the chronoscope. Preliminary 
trials practised him in this process. At the same time occasion was 
taken to warn him against making false responses, which thereafter, 
with most sabjects, occnrred only infrequently. Record was, how- 
ever, made of all such false reactions. Ten correct reactions to the 
blue disc were secured at each sitting, and interspersed with these 
(in a chance order determined by the appearance of reds or blat^ 
in a shuffled deck of cards) from five to ten reactions to the red disc. 
The number of reds was varied in this way in order to prevent antic- 
ipatory reactions. The t«n reactions for each sitting were averaged 
and their mean variation from the average computed. These two 
figures constituted the record for the given trial. The standard pre- 
cautions concerning ready signal and interval were observed, and 
the mechanism concealed from the subject.* 

III. Motor Tests. Steadiness, Speed and Coordination 
1. The Steadiness Test. — The steadiness with which the individ- 
ual could hold the outstretched arm was measured in the following 
manner: A metal rod 2.5 mm in diameter was held in a hole formed 
in a brass plate. Dorii^ the fiist foor weeks the diameter of this 
hole was 6 mm. and during the rest of the experiment 4.5 ttith , 
Every contact of the rod with the sides of the bole was registered by 
an automatic electric connter. The task was to stand onsupported 
by the table on which the apparatus was placed and to hold the rod in 
the hole for one minute with as few contacts as possible. The test 

'Tot BJgniflMuice uid twlmiqiw of the diBerimiiuttioii TSBction o:q>eTiiiie<it 
•ee J. HcEmu OattoU, PhOotophiiehieti Sttidim, 1884, nx, p. 460j Ladd ani 
Woodworth, "PhTsiologle&l pBjchoIogj', " pp. 470-499. 
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thiifl sfaovB the general stability of the nervons sj^Btem and the pre- 
eision with which one set of mtiscles can be delicately balanced 
against another. Since all movements beyond the alightest tremor 
ore recorded by the apparatos (especially when the smaller hole is 
used) any increase in trembling, twitching or general nerrousDeBS is 
easily detected so far, at least, as the horizontal plane is conoemed. 
(For disonssion, of the techoiqae and aignificanee of the steadiness 
test see Ch. V; also of. Whipple, "Manual of Physical and Mental 
Tests," pp. 123-127.) 

2. The Tapping Test. — ^Using the above described metal rod held 
in the right hand, the sabject ezecnted as rapidly ae possible 400 taps 
on a solidly planted metal base. Each tap was recorded by the electric 
counter and the time required for the first 200 and the last 200 taps 
was measured in fifths of a second with a stop watch. This is the 
simple form of the tapping test used by Bryan and others, and is 
much too crude for an intensive study of the course of fatigue or the 
regularity of the performance. But more elaborate methods were 
impracticable in the present experiment, and the investigation in 
this test was limited to the infinence of caffein on the total time re- 
quired to make the given number of taps. In section 3 the number 
of taps to be made was raised to 500. (For full diseossion of the 
technique and significance of the tapping test see F, L. Wells, Amer- 
ican Journal of Psychology, Vol. XIX., pp. 345-358 and pp. 437- 
483; Vol. XX., pp. 38-59 and pp. 353-363. Also Whipple, "Manual 
of Mental and Physical Tests," pp. 100-115.) 

3. Coordination. The Three Hole Test of Combined Accuracy 
and Speed. — The three hole test, as it is technically called, includes, 
along with the factAis of steadiness and speed, which are essentially 
motor or physiological, the more strictly mental factor of coordina- 
tion. An oak plate tilted at an angle of 45 degrees to the base 
board, contained three brass-line holes arranged in the form of an 
equilateral triangle, about 8 cm. apart. Contact of the metal rod 
with the bottom of a bole made an electrical connection which was 
recorded by the automatic counter. The subject held the rod in his 
left hand because the right hand had just been used for the tapping 
test The task was to insert the rod into each of the three holes suc- 
cessively as rapidly as possible until 100 insertions had been made. 
The time required for this process was measured by the assistant 
with the stop watch in fifths of a second. Saoceas in this test re- 
quires not only that a single set of muscles be brought into harmoni- 
ous action, as in the tapping test, but also ^at several sets be co- 
ordinated with each other, under the guidance of a visual impreesioiL 
In making the movements most of the muscles of the arm are in- 
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volTed, ae are the external muscles of tbe eye and its mechanism of 
accommodation. Arm movements must be coordinated with eye 
movements as accurately and at the same time as qaickly as pos- 
sible. The test is thus a measure of combined accuracy and speed — 
it meaHurea the efficiency with which saoh stability and activity as 
are available can be brought under the control of a purely mental 
effort — ^the coordination of a complex set of activities focused on the 
accompliahment of a single and definite task. The series of motor 
tests, of which this is the third, seem to afford significant indices of 
general motor capacity, and usually reveal clear cut individual and 
sex differences in inertia, speed, accuracy, fatigue and rate of im- 
provement. 
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CHAPTER IV 
The Influence of Caffbut on the Tippnto Test 

The tapping test seems to have been little used in experiments 
on the influence of drugs. The motor tests usually eniployed have 
been chiefly ei^graphie or dynamometric in character and designed 
to measure the force and number of contractions of which a muscle 
or set of muscles is capable when woriiing against a load. The tap- 
ping test measures rather the speed with which unloaded muscles can 
execute successive contractions of a narrow range. 

The following individual curves show in a preliminary way the 
stimulating effect of caffein on this performance. The curves show 
in each ease the time required to execute 400 taps. The broken line 
record was made on control days and the solid line record on caffein 
days, the two kinds of days alternating regularly. The first pair of 
each set show forenoon records made before any dose whatever was 
taken, hence are both control or normal records. In all three cases 
there is no difference between these two curves. Both show practise 
throughout the course of the experiment, but caffein days show 
no superiority over control days. The second pair of curves in 
each set shows the records made itt the afternoon, some time after the 
capsule had been taken. The superiority of the caffein days is here 
apparent. Stimulation is present for all amounts. 

In the following curves the first pair for each subject ^ves rec- 
ords before the dose and the second pair the records after the dose. 
The solid line represents caffein days and the broken line control 
days. Unit, the time required for 400 taps. 

These three individual records are t3T)ical of the behavior of the 
other members of the caffein groups. Considerable individual differ- 
ences are shown, varying from no very maiked effect at alt (as with 
Subject VI.) to the great stimulation shown by Subject XIV. But 
in no case is there any evidence of continued retardation after caf- 
fein. The general tendency can then be more safely discussed on the 
basis of the squad averages, which will show under each condition 
the mean effect on the several individuals comprising the squads. 

In giving these averages the mean variations would be of no value 
siiice there are but 3-5 individnals in each squad and the mean varia- 
tion of their average record at a given test would simply refiect 
their individual differences. Since the abilities of the various indi* 
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ridnals, though oonatant in thema^Tes, are cotuiderably diflereitt 
from each other, the M.V.'b of the averagea -will alwi^ be madh 
lai^^ than the differuice prodnced by the use of oaffein on any one 
petson's record. Hence it seems most informative and economical of 
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Space to treat the total tinie reqnired by the sqnad at any given tes^ 
rather than ^e time required by eaoh individual, as a miit of per- 
formanoe. There is then no question of M.V., nnce the total sqnad 
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time (divided b^ the Qumber of persons in the squad in order to re- 
dace the magoitnde of the numbers) ooDstitatea a single measnTe- 
ment. This method of treating the squad as an individaal thns 
tends to minimize the effect of variations doe to foreign f actom and 
to compensate for the personal vaiiations of the individaal snbjeets/ 
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In the tables that follow are given the sqoad averages for each 
hoar of the day on all the days of Experiment A, except that the 
first week of practise,' in which no caffan was administered, is not 
included. The hour of the dose is also indicated in each table, t 
signifying sugar and a number of grains (as 3 gr.) signifying a 
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dose of caffeio. The records for cafifein days are in italics, bat it 
ahould always be borne id mind that it is only after the hour of the 
dose that the italics indicate performance under the influence of 
caffein. If the caffein infiuence holds over until the following day 
the effect must be looked for in the characteristics of the unitalieized 
records of the day in question. 

In Experiment A, Squad I., is the control aquad who took only 
sugar doses for 25 successive days, the last 18 of which are shown in 
Table II. But in treating the data from this squad the records are 
handled just as though the caffein days for Squads III. and IV. had 
also been caffein days for Squad I. Comparison of these pseudo- 
caffein days with the remaining days, in Squad I. might be ex- 
pected to indicate the likelihood that any result found in the case of 
the other squads is only a chance result.' 

TABLE n 

Tappiuo. SqcAD I. (Conthol), Exfekiiukt A 

Control doaes onlf. Records treated aa though odd Aa.jt wre caffein days 

and only even daya control 

Hani 10 11 13 IS 14 19 1< IT IS IB tO 21 33 21 

7:46 58.S 55.9 SB.O 56.f 65.8 53S S4.7 5i^ 53.5 SiS 65.9 Si^ 55.6 5Z.f 

10:00 56.6 5T.S 67.0 55.1 56.8 S^.8 66.4 52.1 63.7 Si.O 52.6 Si-S 61.3 SS-t 

l«:00 68.7 57JI 68.0 55.7 55.2 S6S 54.3 55.1 52.6 55^ 61.7 51^ 63.4 5i.5 

1:00 Dose, sugar eapsalea only, dailf. 

3:10 09.7 58.1 66.2 55.S 52.7 55.0 66.3 Si.l 63.6 SS.l 54.1 51.8 57.7 50.9 

5:30 64.9 57.5 67.2 55.8 66.7 SS.i 63.8 52.3 64.1 Sl.i 61.3 51.0 61.2 St.! 

Taming now to the examination of Tables II.-V., reading along 
the horizontal lines, gives the record for any given hour of the day, 
on each day of the experiment. The italicized caffein-day records 
can thus easily be compared with the control records for the same 
hour on both the preceding and the following days. Reading down 
the vertical columns gives the successive records made on any single 
day. Comparisons of records made before and after the dose are thus 
easy to make. 

With the data presented in this form only it is not easy to discuss 

'The writer regrets the impossibility of presenting in the form of currea 
all of the vast amount of data treated in this monogn^th. It would graatly 
facilitate comparison on the part of the reader, bat ia quite out of the 
question because of the amotuit of epace that would be required. Even the 
inelusiou of the eurres would not do away with the desirability of presenting 
the actual flgnree in tabular form. These figorea will alwaya be given in such 
shape that any set of leeults which the reader wishes to examine more minutely 
may easily be platted from the data given in the tables. 
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results, although tlie graphs which it is impossible to include show 
them clearly. In order to concentrate the material and thus facili- 
tate comparison o£ control days with caffein days the following 
method of combining the records has been adopted. Although in 
most of the tests the first week's practise (35 trials) which is not in- 
cluded in these tables brought all the individuals fairly well toward 
a practise level of performance, there is still considerable improve- 
ment during the three weeks (105 trials) shown in the tables. Hence 
it is unfair to compare caffein record with either the control record 
of the day before or with that of the day after, alone. Nor is it 
satisfactory to rely on the change in performance at later trials on 
the same day, for here such factors as diurnal variation, fati^e, etc., 
enter. A more satisfactory plan is to compare each caffein record 
with the average of the records for the same hour on the preceding 
and following days. This average would give a calculated control 
value for the intermediate record. Comparison of this calculated 
measure with the actual record made on any given day will indicate 
the presence or absence of caffein influence. Thus on Feb. 19 at 
1 :45 P.M., Squad IV. took 3 gr. of caffein. At 3 :10 their record was 
51.5 sec. On the preceding day (Feb. 18) at the same hour their 
record was 52.9 sec., and on the following day (Feb. 20) 52.4 sec. 
The calculated record for Feb. 19 is then {52.9 + 52.4)/2 or 52.65 
sec. But the actual record was only 51.50 sec. This is then to be 
interpreted as signifying 52.65-51.50 or 1.15 sec. stimulation pro- 
duced by the 3 gr. of caffein. In the same way the calculated record 
for Feb. 21 at 3:10 for the same squad is (52.40 +51.30)/2 or 51.85 
sec The actual record, after another 3 gr. dose of caffein, was only 
50.60. This shows 51.85-50.60 or 1.25 sec. stimulation. Further, 
averaging the calculated records for the 19th and 21st we get 
(52.65 + 5I.85)/2 or 52.25. But the average of the actual records 
made on those days is only (51.50 + 50.60)/2 or 51.05. The aver- 
age effect of 3 gr. of caffein under the circumstances prescribed for 
this squad, baaed on two observations, is then 52.25-51.50 or 1.20 sec. 
Such calculations have been made for each caffein dose for all 
four squads, and the average influence of the various-sized doses 
(two trials for each dose with Squads I., III. and IV., and three trials 
for each with Squad II. except for 6 gr,). These results are pre- 
sented in Tables VI.-IX. In these tables the records for caffein 
days (italicized) parallel the records for control days and the tables 
show the average results of the several trials for each dose. A third 
column under each hour of the day indicates the difference between 
the two records (control days minus caffein days). After the dose 
has been taken a -|- in this column means stimulation and a — means 
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retardation. But it moat be remembered that before tlie dose has 
been taken the reverse bolda, since the morning records of cafFein 
days follow upon the sugar doses of the day before, and are properly 
control records, while the morning records of the control days are 
subsequent to the eaflein doses of the preceding di^. The tables 
indicate in separate columns the time end amount of the dose.* 

Table VI. is the record of Squad I., the control, to which sugar 
only was given. In the table only the even days are treated as sugar 
days, the odd days being handled as t/ they had h»en true cafiFeia 
days. After the sugar capsule at 1 :00 p.h. there is what appears to 
be a stimulation at the 3:10 period for all doses. -But examination 
of the individual records shows that this appearance is due entirely 
to the brisker performance of Subject XV., a woman who traveled 
tiirough the tests in company with two members of Squad IV. who 
had really had caffein, and show considerable stimulation. There is 
little doubt in the mind of the eiperimenter that this subject was 
spurred on in the tapping test by the anggeetions of greater speed 
coming from the two other subjects in the room. This appearance is 
then spurions and it is the only evidexice of stimulation present and 
does not ysry with the size of the dose. At 5 :30 the differences be- 
tween the calculated and the actual records are small and balance 
each other as to sign. 

Squad II. took similar doses at 10:30 a.h. on each of three snooe»- 
sive days. Hence the method of comparing actual with calculated 
record can not easily be applied. Instead, the 7:45 and 10:00 trials 
of each day have been averaged and treated as the normal records for 
the respective days. With these normals have been compared the 
average of the two trials after the dose ( 12 KH) and 3 :10) and also the 
final trial of the day (5:30). These latter records have been trans- 
formed into terms of per cent of the normal for the corresponding 
day. Table VII. summarizes the results of this computation. Thus 
the average normal performance of the 11 control dAjs is 45 sec 
The average of the two trials following the sugar capsule is 100.5 per 
cent of this normal, showing slight fatigue. Comparing this with the 
similar records after the caffein doses, we find a tendency to stimu- 
lation instead of fatigue in the latter cases, the average time of aU 
four amounts (1, 2, 4, 6 gr.) being only 97.8 per cent, of the normal 
performance. With the exception of the 4 gr. doses (doable the 
amount ever taken before and following abruptiy upon three sugar 
days) the stimulation increases with the size of ttie dose. For these 
4 gr. doses, however, there is slight retardation (.9 per cent.) instead. 
The final trials for the control days average 97.7 per cent, of the 
*T\aE ntathod of presentiiig tbs data ia alao followed in the later ehapten. 
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normal, indicsting a tendency to superior performance at the end of 
the da^. (This is a characteristic of the tapping teat which has an 
interesting bearing on the problem of diomal variation, but the 
matter can not be taken up in the present study.) After the caffran 
doses, however, this snperiori^ of the evening perfonoance is over 
1 per cent, greater, and withont exception, the average record being 
only 96.6 per cent of the normal. Averagii^ the three tests after 
the dose and comparing this measure with tiie normal morning record 
for the various t7i>es of days, shows a superiority of 2 per cent in 
favor of the caffein days, and shows stimulation for all sizes of oaSein 
dose, the amount of stimulation on the whole increasii^ slightly with 
the size of the dose (97.5, 97.1, 98.6, 95.6). We may conclude then 
that caffein taken in the middle of the forenoon increases the speed 
of performance by this squad, yielding an average of 2 per cent 
superiority over the speed of control days, the actual amount of 
stimulation depending, in part at least, on the size of the dose. 

Table VIII. gives the results secured from Sqnad III., computed 
in the same way as those for Squads I. and IV. The dose here was 
taken at 1 KM) P.H., during or immediately at the close of the lunch 
period. At the 3 :10 test there is already evidence of stimulation after 
all but the three grain dose. By 5 ;30 the increase in speed is pro- 
nounced and increases with the size of the dose from 1.9 sec at 2 gr. 
to 6.8 sec. at 6 gr. Turning to the 7:45 and 10:00 o'clock trials we 
find practical balance, the differences between control days and 
caffein days being slight and as often positive as negative. There is 
then, so far as these data are concerned, no evidence of any after 
effect, either of stimulation or retardation. We may say then that 
caffein administered along with food substance at Innch time pro- 
duces stimulation, which (except for the 6 gr. dose) is not especially 
maiked until the 5 :30 period, when it is considerable and varies di- 
rectly with the size of the dose. The amount of stimulation found 
here (an average of 4 sec. or about 8 per cent.) ia much greater than 
that found with Sqnad II. to whom the caffein was administered in 
the middle of the forenoon. There is no evidence of any secondary 
^ect up to noon of the next day, which is as far as Experiment A is 
able to trace the influence of the dose. 

Table IX. shows the data from Squad IV., to whom the dose was 
administered on an empty stomach, two hours after lunch hour. At 
the 3 :10 test there is at once clear evidence of about eqnal stimula- 
tion for all doses of caffein. At 5 :30 this stimulation is still greater 
and tends to vary in amount directly with the size of the dose, f nun 
.1 sec. for 1 gr. to 3.4 sec. for 6 gr. On the next morning at 7!45, 
10 KM) and 12:00 the differences between caffein days and control 
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days are small and vaT7 in sign, with no clear Indication of an after 
efFect of any kind. 

The above -method of treating the data from Squads I., III. and 
IV. proceeds on the assumption that the proper standard of perform- 
ance with which the results after caffein should be compared, is the 
record made at a corresponding time of day after a control dose. But 
this is not the only standard available in onr experiment Sinee 

TABLE X 

Tappikii. Sqdas I., EzPEBiuKNT A 

BotiM of performance after do»e to performuice before dose 

BatjMl CostmlAT. H.T. Ftiotif<M. Av. U.T. 

1 1.011 .014 .985 .054 

4 1.002 .067 I.0I6 .0« 

7 1.0*8 .101 .986 .038 

16 .986 .030 .983 .044 

.060 ^992 .040 



Average 1.014 

trials were made, on both control and caffein days, botii before and 
after the dose, it is possible to compare the woik done after tiie dose, 
on any given day with the work done on that same day before the ad- 
ministration of the dose. Such a comparison should f^ord a valuable 
cheek on the conclusions based on the comparison of records after 
control doses with those after caffein doses. In fact such a compturi- 

TABLE XI 

TAPPmO. BQUAD III., EXPIBIMKNT A 

Bstios of performance after done to performane* before doae 

3 p. > p. 4 fT. ■ p. ATtnp Pn Caat. 





' 


1.027 


900 


930 


.940 


.881 






1.061 


965 


870 


.936 


.897 






.716 


633 


930 


.662 


.897 


.984 


.070 


1.002 


947 


806 


.970 


.864 






.869 


800 


913 


.911 


.674 






1.038 


862 


816 


.896 


1.026 


.018 


.060 


.»78 


»16 


019 


.967 


.926 






1.008 


8B3 


917 


.941 


.978 


.986 


.066 


.972 


912 


933 


.929 


.916 



.963 



-.04C 



fK>n has already been made in the case of Sqnad II. In tables X-XIL 
similar figures are given for the other squads, the data for each sub- 
ject being given separately, along with the squad averages. In these 
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tables the average of the records before the dose u taken as the □oim 
for the day, and with thia corm ia compared the average of the rec- 
ords after the dose, the figure given being the ratio of the latter to the 
former. The various types of days have been kept separate, so that 
the result of any dose may be compared directly wifli the average 
ratios for control days. The difference between these control ratios 
and the caffein ratios are also given in the final column of the tables. 

TABLE XTT 

Tatpimo. Squad IV., ExpiaiiaNT A 
Batioa of perfomunce aitw dow to p«Tformiuice before doee 
OoBlrol CaOUn DUF. 

9el4. Anne* ILV. In- If- tf- *tr. tcr. Amf ParCrat. 

l.OeS 1.040 .003 .808 .670 
6 .»7S .027 .eSO .043 .020 .060 .000 



,075 — .04B 





1.002 


.»»1 


.»10 


.021 


.930 


.962 




.oes 


1.000 


.e«o 


1.010 


.003 




061 


.070 


.048 


.080 


.860 


1.046 






!m8 


ATI 


.070 


.080 


"Ih 


.072 




1.017 


.MO 


.OOS 


1.090 


1.000 




032 


1.030 


.SOS 


.060 


.023 


.934 






Eras 


.041 


;m7 


1.006 


li67 


.075 




.926 


MS 


.070 


.967 


.910 




.033 


1.026 


.038 


1.088 


.967 


.090 






~Ws 


1)04 


f^ 


.067 


.060 


.077 




.083 


.084 


.007 


.046 


.067 




088 


.086 


.066 


.047 


.936 


.066 






iwi 


.069 


^ 


.040 


.066 


.066 



Ay. .006 .030 .990 .967 .966 .963 .967 .068 —.027 

Table X. gives the ratios for Squad I. for seven control days and 
the same number of psendo-caffein days, with their M.V. 's. Snbjecta 
1 and 7 are somewhat better on pseado'caffein days, Subject 4 is 
better on control days, while Subject 15 shows no difference. The 
sqnad averages show a slight superiori^ on pseudo-caflein days. On 
the whole then the two types of days balance. 

Table XI. gives the records for Sqnad III. All three subjects 
show from 4.5 per cent, to 7.3 per cent, stimulation on caffein days, 
tiie average being 5.4 per cent, stimulation for all caffein doses. The 
least stimulation comes from the 1 gr. dose, and the larger amounts 
do not differ consistently from each other. The previous conclosions 
concerning this squad are thus completely conflrmed. 
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Table XII., for Squad lY., moat strikingly confirms tlie previoDB 
coDclnsions conoemiiig the effect of caffein on thia squad. Withoat 
exception the 5 subjects show atimulation on cafFein da^, rsn^g in 
amount from .6 per cent to 4.8 per cent. The average for the squad, 
for all doses, is 2.7 per cent. The averages for the various doses show 
the stimulation to begin with the 1 gr. dose and to increase uniformly 
with the size of the dose. 

In the examination of the effect of caffein on the other teats it will 
be pointed out that the magnitude of the ^ect varies inversely with 
the body weight of the individual. The tapping test is tiie only ex- 
ception to this rule. In this case the heaviest individuals (sabjecta 
3, 9, 10, 14 and 16) are more stimulated than are the slighter sub- 
jects (5, 6,and 11). The tapping teat is again an exception in that 
the squad taking the dose at the lunch hour yields the highest per 
cent, of stimulation. In the case of the other tests the greatest effect 
is shown by the squad taking the caffein in the mid-afternoon, nnao- 
companied by food. 

ExpebimbntS 

The obvious defect of Experiment A is that the action of the dose 
is not tested at close range nor followed closely for a long period of 
time, since only five tests a day were made. The rate of action of the 
drug can not be made out, nor the time of persistence of the ^ect, 
nor can its secondary results be accurately determined. Aa evidence 
bearing on these points the results of the three-day intensive experi- 
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meat are here presented in the form of curves, the nnit again being 
the total time required for the squad to complete the test. In these 
curves the solid line is the record for March 3, the broken line for 
March 4, and the dotted line for March 5. The star indicates 
the time of administering the dose. 

Squad I. was the control. On March 3 and 4 only sugar doses 
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were given. The corvea for these two days begin at the same point 
and show clear tendency to fatigae as the day goes on, dropping 
slightly in the latter part of the afternoon. Thia may be considered 
the normal tendency in the tapping test. On the last day (March 5) 
thia squad was given 3 gr. capaoles of cafFein after the 6th trial and 2 
more gr. an hoar and a half after the evening meal. At the 8th test, 
1.5 hoars after the 3 gr. dose, this third curve rises abruptly, suggest- 
ing an initial retardation. The carve then drops to its original level 
and does not show the fatigae that is clearly present in the two 
normal curves. The afternoon and evening records are as good as 
or even better than those of the morning hours before the dose was 
taken. 




/a // a a tt if 

Fio. S. Tappino Test. Experimoit B. Squad IL 

Squad II., on the first day, took 1.2 gr. of caflFein (dissolved in a 
glass of soda fountain syrup and carbonated water) after the 6th 
trial. At the 8th trial, 1.5 hr. later, the curve drops several seconds 
and remains low for about 2 hours, after which it rises to the normal 
fatigue level. On the next day the curve starts out at about the 
same level as before. Only a sugar capsule was given on this day, 
and the normal fatigue curve resulta, Ae afternoon's record being 
greatly inferior to tiiat of the day before. On the last morning the 
curve runs on a high level. After the 6tb test 2,4 gr, of caflein were 
given in the same way as on the first day. The curve at once de- 
scends to the lowest level of the first day, showing a gain of nearly 
10 seconds. After about 2 hr. it riaes again to the normal fatigae 
level. 

Squad m. took 3 gr. of caffein in a capsule, after the 6th trial 
on the first day. Forty-five minutes later the curve rises abruptly, 
falling to the original level in 1.5 hr., after which it folloira a fair^ 
uniform level with no evidence of fatigae. On Ae following day the 
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onrre starts at abont the onginal level, rises slight!; as the day goes 
on and then strikes the morning level again. Only sugar was givra 
OD this day. There is no evidence of any seeondaiy result of the 
first day's caffein. The last day was still a control day. There is 
here only the normal slight tendency to fatigae in the latter part of 




Trial— f X 



Pio. e. Tappino Test. ExperiniHit B. Sqoad IH. 



/J /J /** /» 



the day, with no evidence of either benefit or disaster as a conse- 
qnence of the caffein of the first day. The afternoon and evening 
records on the caffein day remain unequalled by the performance of 
either of the succeeding days, but the result of the dose seems to have 
been first a retardation, then counteraction of the tendency to fatigue 
in the afternoon. 
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Squad lY. were given 6 gr. capsules of caffein on the first d^ 
and sugar capsules on the days following. The effect of this lat^ 
dose, taken aa it was after several successive control days, seema to 
have been to produce a great irregularity of performance, six of the 
subsequent trials breaking all but one of the morning records and 
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three of them being among the poorest records o£ the day. The gen- 
eral tendency U toward stimulation, but thia stimulation is mixed 
with an irr^^nlari^ of perfonnanee that resembles the first ^ect of 
retardation observed in Sqaads II. and III. The ^ect be^ns as in 
the other cases, about three quarters of on hour after the dose, and in 
this case persists abont 4.5 hours. On the following day the morn- 
ing onrre behaves much aa that of the first day, there being no indi- 
cation of secondary effect from the first day's dose. M the day goes 
on the curve is much more r^tdar than that of the preceding day 
and follows an intermediate course with respect to level. Much tiie 
same thing is true of the third day 's woric 

EZPEBnCRNT C 

la this experiment, which lasted 7 days, 12 of the subjects com- 
prised a single squad, all receiving the same doses, fifteen minutes 
before the beginning of each afternoon test. On two days no dose 
at all was given ; on two days glasses of soda fountain syrup contain* 
ing no oaffein; on three days the same syrap with caffein in solu- 
tion. (For full iMuticulars see Chapter 2.) The results of this ex- 
periment, for the tapping test are given in Table XIII. In this 
table, instead of platting efSciency curves for the different hoars and 

TABLE zm 

TAPFIMO. EZPIBIlfKNT C. IS SUBIKCTS 



ItPtotDv 




Bd)>n'l>M*H.V. 


AlUrDoM ILV. 


tloFli 


Blank 


Feb. 


« 


64.1 


7.1 


66.3 8.0 


1.034 


daji 




11 


64.0 


8.» 


6S.5 9.1 
At. nUo, blank dafi . . 


1.083 
.. 1.029 


Plain 




7 


62.8 


10.0 


S1.S 9.S 


.971 


■jnip 




9 


«3.4 


7.9 


64.1 8.9 
At. Tstio, aynp daya . . 


1.011 


Gaffeiii 














IJ gr. 




8 


6S.9 


7.8 


61.8 &8 


.973 


8.flgr. 




10 


60.3 


10.4 


61.8 8.9 


1.02S 


•.0 gt. 




12 


65.1 


8.S 


60.7 7.9 


'.938 



At. ratio, CAflein daji . . .976 .042 

conditions, the records of the first three periods of each day are 
averaged to secure the individual's normal efficiency for that day, 
and with this normal is compared the average of the last two tri^ 
of the same day, these latter records having been made after the ad- 
ministration of the dose. The table gives the averages and their 
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M.V. % and the ratios and their M.V. 's, with final averages for each 
^pe of day, for the 12 subjects treated as a single squad. Thus 
102.9 means that the time of the average perfonnance after the dose 
was 102.9 i>er cent, of that of the average performance before the 
dose. When this per cent, is great«r than 100 it indicates fatigae, 
while a per c^it less than 100 indicates stimulation. Comparison of 
any two per cents., whether above or below 100 will indicate relative 
fatigue or relative stimulation. Each final average in the table is 
the average of 120 trials in the cases of the control days and of the 
plain syrnp days, and of 180 trials in the case of the caflein days. 

Referring now to this table, there is seen to be 2.9 per cent, 
fatigue on control days, .9 per cent, absolute stimulation on syrup 
dayB, and 2.4 per cent, absolute stimulation on caffein da^. Sub- 
tracting the .9 per cent, stimulation yielded by the syrup and car- 
bonated water alone gives a net caffein stimulation of 1.5 per cent. 
Comparison of these results with the 2.9 per cent, fatigae present on 
control days indicates a relative stimulation of 3.8 per cent from 
the symp alone, and a relative stimulation of 5.3 per cent, from the 
syrups with caffein, or a net caffein stimulation of 4.4 per cent. 

SnUKABT 

Summarizing the results of the three experiments we find : 

1. That the typical caffein effect on a motor process such as that 
involved in the tapping test seems to be a stimulation, which is some- 
times preceded by a brief and slight initial retardation. 

2. The magnitude of this stimulation (a) varies directly with the 
size of the dose, and (b) is relatively slight when the caffein is taken 
in the forenoon. 

3. The effect b^im in from 45 to 90 minutes after the adminis- 
tration of the dose, the period being shorter for large doses and 
longer when the dose is taken along with food. 

4. The effect persists for from one to two honts for doses of 1 to 
3 gr. and as long as 4.5 hours for 6 gr. 

5. There is no aecondaiy or after effect shown within the 72 hrs. 
over which the intensive doses were traced. 
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The Influence op Capfbin on the Steadinebs Test 

The steadiness test, although not withont a certaio ps^cbologioal 
significBDce in some connections, is exceeding!}' diffictdt to conduct 
in a satisfactorily rigorous manner. The performance itself, on the 
part of the individual tested, is easily influenced by factors foreign 
to the one over which the experimenter may be exercising control. 
The excitement of taking any kind of dose, or of having accidentally 
begun in a bungling manner, laughing, a coughing spell, changes in 
respiration, noises from the street or from adjoining apartments, 
conspire to produce irregularity and unsteadiness which bear no re- 
lation to the influence of caffein. If the hole in which the stylus is 
inserted is made small enough to betray slight tremors the subject's 
poise is disturbed by the first few contacts. This was especially true 
in the present experiment, since the electric counter which registered 
the contacts was in the room with the rest of the apparatus and every 
click of the magnet was audible. The use of a counter is in itself 
most unsatisfactory since faint contacts may fail to actuate the mag- 
net. A longer rod should perhaps be used in order to magnify the 
amplitude of these small movements. Further, the apparatus de- 
scribed registers at most only movements in the horizontal plane. 
But it was quite out of the question to employ a more elaborate 
procedure in the present experiment, and the rather crude method 
used was adopted in the hope that it might at least afford suggestions 
bearing on a problem which must otherwise have been entirely ig- 
nored. 

Expebihent a 
The results for the different squads in Experiment A are given in 
the following tables, in which the records for the various hours on 
control days have been averaged and may be compared with similar 
averages of the records after the several amounts of caffein. A sepa- 
rate column indicates the hour and character of the dose. The 
M.V. 's of all these averages are large, usually about 50 per cent, of 
the averages themselves. The M.V. 's for Squad I. are given as ep- 
ical. The variabilities of the other squads are not indicated, since the 
differences between the average records are only in a few cases lai^e 
enough to suggest caffein influence. 
U 
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TABLE XIV 
Stkasinxsb. SquAD I. Ezfxbiunt A 
Average nnmber of eontaets in one minute 



Control daja 


Till 

At. 2.45 
M.V. 1.61 


2.31 
1.17 


ana 

3.66 
8.94 


SngH 


>:10 bM 
3.89 4.82 
2.07 2.34 


Fseudo-eaflein At. 2.80 
days M.V. 2.00 


2.78 
1.92 


1.88 
.96 


Sugar 


3.00 4.16 
1.33 1J» 














Stsadinxss. 


SgUAK n. EXPIBmiNT A 


Hour 
Av. 
At. 
At. 


T.'tf 1IM» 

2.68 1.13 
2.21 i.es 
1.60 0.30 


DOM 

Sngu 
1-2 gr. 
4-agr. 

TABLE 


1.57 
1.43 
0.S0 

XVI 


1.60 

2.68 


BJO C 
1.32 
3.00 
1.10 




Stkasinkss. 




Hoar 
At. 
At. 
At. 
At. 


1.74 1.83 
3.17 1.82 
1.70 1.17 
O.S0 0.40 


1.16 
8.36 
0.50 
0.60 

TABLE 


Dow 

tiw 

Sngar 

1-8 gr. 

3-4 gr. 

6gr. 

XVII 


t:lD 
1.47 

1.70 
IJiO 
0.70 


1.34 
2.07 
1.10 
1.80 



SrSADiNBas. Squad IV. Ezfebihint A 

Boot 7:41 WM UM IM 1:10 im Cmm 

At. 2.64 2.68 3.68 Sugar 2.65 2.98 10 

Ar. 1.85 1.90 8.75 1-8 gr. 2.00 4.60 4 

At. S.TO 2.76 3.45 3-t gr. 8.75 3.30 4 

At. 0.60 1.30 1.70 6gr. 4.30 12.10 2 

Table XIV. gives the records for the control squad. There is a 
anifonn tendency on both sets of days for the averages to increase in 
magnitude at the 3:10 and 5;30 periods. This is apparently a 
normal fatigue ^ect, since it is greatest at 5 :30 and only slightly 
present at 3 :10. Squad II., Table XV., who took caffein in the mid- 
forenoon on socceeaive days, shows no similar tendency on control 
da^. Even on the caffein days there is only a slight tendency, which 
is more matted after small doses than after lai^. Squad m. (dose 
with lunch) make mnch steadier records in the afternoons of control 
days than in the forenoons. After 1>4 gr. doses this tendency is still 
suggested by the averages, with no loss of steadiness after the doses. 
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Only on the days of the 6 gr. dose is the afternoon record inferior to 
that of the forenoon. On these days there is snrprism^ steadiness 
(the average being only about 0.5 oontaeta in a minate) until the 
5:30 test, 4-5 hoors after the administration of the dose, when the 
average rises- to 1.8. Squad IV., taking doses on an empty stomaoh 
at 1 :45 P.H., shows uniform performance throughout the day after 
control capsules. After 1-4 gr. doses of caffein there is a sii^sestion 
of unsteadiness at the 5 :30 period. After 6 gr. there is clear im- 
pairment even at the 3:10 teat, the records rising from an average of 
1.2 contacts in the forenoon to 4.3 at 3 :10 and to 12.1 at 5 :30. The 
most striking ^ect, as in the case of Squad III., is several hours after 
the dose. 

EXPEBIIIBNT C 

In Experiment C, the results of which are to he found in Table 
XVIII., an attempt was made to secure closer measures by using a 
smaller bole on the steadiness board (4.5 mm. instead of 6 nun. as in 
Experiment A). Each resnlt given in the table is the average of 12 
records each hoar of each day, since the whole group of 12 subjects 
here comprised a single squad. Blank days (no dose) and plain 
syrup days both show uniform performance at the successive trials. 
After 1.2-3.6 gr. of caffein the 5:30 record is slightly inferior. 
After the 6 gr. dose, however, the effect is enormous, the record fall- 
ing frcon a morning average of 9.7 contacts to 18.4 at 3 :10 and 28.0 
at 5:30. 

TABLE XVIU 

BriADmSBS. EXTKUICKKT C 

DoMs jwt preceding 3:10 and 6:30 torta 



2 bbnk durs At. 11.0 


io.e 


10.6 


12.4 


8 ■jTop dajB At. IS.O 


10.6 


»JS 


IIJI 


SuJr«ndm7B, 








1.2-S.6 gr., with MjTttp . . 12.8 


ii.a 


11 JS 


10.6 


1 ekffflin dB7, 








6 gr. witli irnip 8.0 


11.1 


9.4 


18.4 



EXPSBIUBNT B 

The results of the three-day intensive Exiwriment S, in which 
the small hole was also used, are given in Tables IX.-XXI. Squad I. 
diows no great variation during the 15 successive trials on each of the 
control days. But after the 3 gr. dose of caffein, taken after the 6th 
trial on March 5th, an increase in contacts of 100 per cent, comes at 
onee, falling off then until the 2 gr. dose was given at a later hour. 
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when it risea again. This abrupt effect ia quite in contrast to 
what waa found in Experimeata A and B. The discrepanoy may 
perhaps be due to differences in the conditions of the expeiiment. 
There was considerable strain involved in the work of these three in- 
tensive days, and this caffein day was the third day of that strain. 
The other teste, however, show no such difference between these days' 
and those of the other expeiimente. Squad II. shows great irregular- 
ity from which no eonclosion whatever can be drawn. There is an 
abrupt me after each of the small caffein doses but a similar rise is 
also present immediately after the control doae. We have evidently 
to deal here with factors foreign to the caffein influence. The be- 
havior of Squad III. after the 3 gr. caffein dose is not different from 
that after the control doses. Squad IV., after the 6 gr. doae of caf- 
fein, showa a marked decrease in steadiness, which does not show 
iteiiC) however, until about three hours after the dose was taken. 

y SUMMABT 

All three experiments then yield fairiy consistent results, in 
spite of their unsatiafactoiy technique. After 1-1 gr. of caffein a 
alight nervousness ensues, which is not apparent until several hours 
after the dose. After 6 gr. there ia pronounced unsteadiness, which 
begins to be manifested within an hour or so after the dose, but which 
is atill greater after 3-4 houra. Such unsteadiness as is produced ia 
less clearly shown when the caffein is taken in the forenoon or at 
lunch time than when it is administered in the afternoon, unaccom- 
panied by food. These results are exactly paralleled by the influ- 
ence of caffein on the quality and quantity of sleep, and suggest an 
intimate relationship between the measurable tronor prodaced by 
caffein on a given muscle group and the evident nervons excitement 
that is responsible for the insomnia produced by large doses of the 
same substance. 



Digitized by Google 



CHAPTER VI 

ThB COOBDIKATION TSST 

The three motor t«ets, tapping, steadinesa and coordination, re- 
quired more time for their performance than any other group of 
tests in charge of a single aasistant. In order to avoid delay in the 
IntensiTe experiment and in the experiment vith syrups t^e co- 
ordination test was omitted. This test was chosen for omission for 
the farther reason that in the preliminai7 working up of the data 
there seemed to be no indication of any considerable oaffeio influ- 
ence. Concerning the time of action, the persistence time, and the 
presence or absence of secondaiy effect, therefore, nothing can be 
stated, in the absence of intensive experiments. As for the value of 
the test as a means of determining the presence of drug influence, 
the apparatus in its present form is hardly refined enough to reflect 
small disturbances of coordination. Skill in performing the test was 
frequently found to vary for quite unaccountable reasons; often 
much depends on b^pnning luckily and striking a favorable rhythm. 
Further, the measurement of time of performance alone gives no 
information concerning the precise character of the drug influence — 
whether it affects speed only, or also actual accuracy, can be known 
only from observation of the subject's movements on the part of the 
experimenter. The amounts of the departures from the center of Qte 
target are unmeasured, except in so far as they are reflected in the 
time of recovery which goes to swell the total time of performance. 

But in spite of the facta just mentioned, the test does show cer< 
tain deflnite suggestious as to the influence of caffein on such co- 
ordinations as are involved in performing this three-hole test. These 
suggestions are further confirmed by the close agreement of the re- 
sults here obtained, with the results of the experiment on skill in 
typewriting, a somewhat similar coordination process, though a 
much more complicated one. 

A test involving processes somewhat similar to those used in tiiis 
coordination test was nsed by Rivera in his study of the influence of 
caffein on fatigue. The following quotations are from bis report of 
that experiment. 

"The only other meBrch on eaffmn which I hav« to record ia one carried oat 
in conjnnetion with Hr. McDongnll, using hia method of meaanring fatigne of 
attention bj eatimating the axxtmej of aim wben dota are made to paaa r^iidly 
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throDgta a slit. The work with caS^ wu done every moming at ei^t o'clock. 
The uperiment Ueted for nine ineeeeeiTe days, on three of which a doee of 0^ 
gram of dtrsta of eafFein wai taken ten minoteB liefore beginning to work. On 
the other siz momingB were taken dosee of two control mixtures, which to both 
of ua were quite indistinguiahable from that containing the eaffein. 

' ' In the first period the ntunber of hits on the eaffein days comes out midway 
between those for the two groape of control days, while in the second period the 
eaffein days are decidedly enperior to either gronp of control days. This sn- 
periority of the eaffein days is m>t dne to any effect of practise, for the order 
of the days wss varied, and the erperiment was only began after preliminary 
practise, so that the amounts do not diow any ddlnite increese as the result of 
practise dnring the nine days that the experiment lasted. The experiment in 
my own case woe carried out on the same days and on exactly the same linee as 
that of Hr. McDougall, and it agreee with his in showing no indication of a 
caffein-effeet in the Srst period, bat a dcdnite increase in the second." 

The following table is a sommaiy of the results of this ezperiment 
of Rivera and McDoagall. 

HoDoniiU Vtffn 

U Period Sd PwriDd 

NgmbvutHltiDD IdPiriDd XBmi^Bx. UtPKlod AftaJiHr. 

Caffein days 1^76 1,671 1,469 1,U0 

1st control 1,606 1,424 1,511 1,336 

2d control 1,648 1,486 1,602 1,421 

It should be notieed, in oomparing the results of these experi- 
ments with those yielded by the coordination teet reported in the 
present chapter, that Rivera used caffein citrate instead of caffein 
alkaloid. The dose waa 0.3 gramme, which is equivalent to 2.5-3 
grains of the alhsloid, in strength. The stimolation which waa pres- 
ent in Rivera' experiment will be seen to be present in the coordi- 
nation test, hut only for the smtiilest doses (1-2 grains of caffein 
alkaloid). "When the dose exceeds this amount, the coordination test 
shows retardation instead of stimulation, as does the typewriting 
teat as well. 

EXPEBIUENT A 

The results for Experiment A are given in the following tables, 
in which the records are presented in the same way as were those of 
the tapping test. 

Squad I. (control) shows no difference after the dose, between 
the pseudo-csffein days and the remaining days. The differences bal- 
ance in magnitude and direction, save that at 5 :30 &e signs change 
from + to — , while at 7:45 the +'s predominate. This gives a 
curious false appearance of retardation on mornings after the 
pseudo-caffein doses. 

Squad II. shows the later periods of the day to be about 3.5 per 
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cent saperior to the nonnal for Ute control dayB, while the average 
of all the caffein days is about the same at the first trial after the 
dose, but becomes .4 per cent, inferior aa the da; goes on, an average 
retardation of 4 per cent aa compared with control days. But the 
various sized doses do not produce quite the same effect. The 1 gr. 
dose seems to yield slight stimulation at all later trials, from 1.9 
per cent, at the 3d and 4th trials to .7 per cent, at the last. The 2 gr. 
dose, however, produces immediate inferiority over control days of 
6.2 per cent at the 3d, and 11.6 per cent, at the 4th, the retardation 
having disappeared at the 5Qi trial. The 4 grains produce retardSr 
tion for all three trials, as compared with control days, and for both 
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CooBmHATiOH Test. ExpEUiaxT A. S4uu> tV 
Broken line repreeenta control d&fs and solid line caflein daTi. Ddm taken 
in mid-aftanioon, on empty ttomaeh. 

Fto. S. 10:00 KM.. No difference ehovm, 

the 2 gr. and 4 gr. amounts the average performance after the dose 
is inferior to the normal instead of superior, as on control days. The 
6 gr. dose produces at the next trial, the best record in the table, a 
superiority of 7.5 per cent, over the normal and of 2.4 per cent over 
the corresponding record for control days. At the following trials, 
however, Uiere is both absolute and relative retardation. The aver^ 
age for all caffein doees abowa, at the successive trials after the dose, 
an inferiority of 1.5 per cent, 5.5 per cent, and .5 per cent, as ccon- 
pared with the corresponding records for control days. Generally 
speaking, for this squad small doees stimulate for the rest of the day ; 
medium doses retard for the next two trials, while' the lai^ dose first 
gtimnlates and then retards. 



Dymzsd.yLjOOgIC 



M INFLDBKCE OF CAFFBIH OS EFFICIBUCY 

Sqnad III. shows balsaeecl recorcis throughout, with the possible 
exception that at 5 :30 there seems to be an effect similar to that 
noted with Squad II. Small doses (1-2 gr.) stimulate, medium 
(3-4) retard, while 6 gr. Tielda evidence of slight initial stimola- 
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Fio. 10. 3:10 P.ic Abont one hour aftw doM. No diiferanee. 

tion (remembering that the drug action is doubtless retarded here by 
the fact that the dose was taken at lunch time, along with food sub- 
stance) . 
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Squad IV., at 3 :10, shows etimnlation for 1-4 gr. At 5 :30 this 
^ect persists for 1 gr. but all other amounts show retardation. For 
6 gr. this retardation was already present at 3:10. At 10:00 and 
12 :00 the differences balance, but at 7 :45 there is the same appear- 
ance of retardation that was noted in the case of Squad I., the con- 
trol squad. Were it not for this latter fact one woold be inclined to 
take the figrures as evidence of continued retardation on the mom* 
ings after caffein days. Perhaps, indeed, the conclusion that small 
amounts of caffein stimulate should be pronounced with some cau- 
tion, for a similar relation of the figures occurs at the 5 :30 test for 
Squad I. as a result of sugar doses only. But that this again is a 
false appeuance is indicated by the fact that at the preceding trial, 
2 hours after the dose, no such relation is present, with this control 
squad, while in Squads II., III. and IT. the two trials (3:10 and 
5 :30) are consistent. The following curves show for Squad IV. the 

See. 

6$^ 
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Fia. 11. S:30 P-u. Evidence of reUrdstion on eaSein dayi, for 
doeea luger than 1 graiii. 

records for the two trials before and the two after the doses, on each 
of the 21 days. As in the case of the tapping test, the broken line 
represents the records for control days and the solid line those for 
caffein days. The curves for the 10 :00 and 12 :00 periods show no 
difference between control and caffein days. But at 3 :10 the stimula- 
tion from 1-2 gr. is indicated, while at 5 :30 there is uniform retarda- 
tion for amounts laiger than 1 gr. 

Another way of treating these data is to compare the performance 
after tiie caffein doee with the performance of the earlier trials of the 
same day, instead of with the records for corresponding hours on 
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control days. Thus if the average of the trials before the dose be 
considered the standard for the day, the ratio of the trials after the 
dose to this standard, will give, when ratios for control days and for 
caflein days are compared, a measare of the caffein influence if such 
is present. The results from the Three Hole test, when thus treated, 
are given in Tables XXX.-XXXIV. The ratios for Squad I. (Table 

TABLE XXX 
Thkb-holi Tbst. Squad I., ExpnuciNT A 
Showing nttio of perfonnanee tttm doM to perfornumee before doM 
CoDtnl PModo-eit 

8114. Dbti At. H.V. I»Ti At. H-V. 



1.010 
.902 .048 

.978 .089 



.OU 

.D91 .070 

,0eS .040 



TABLE TTX-rr 

THBB'HOLI TI8T. S4CAI) IL, EXPEBDONT A 

Sbowing the istio of the 12:00 and 3:10 reeorde (At.) to the perfonnaiioe 
before the dow at 10:30 a.ic 

omUD At.al A*, of 

Oonbal ludl 4u>dl 

SU). At«b|* K.T. 1 Or. H.V. I Or. U.V. 4 Or. H.V. SOr. Or. Or. 

8 .977 .0S2 .969 .050 .919 .030 .990 .040 1.0S4 .989 1.007 

12 .980 .049 .941 .040 .001 .OZS 1.017 .040 .910 Mtt .004 

13 .930 .04« .953 .010 .943 .020 1.02ft .016 .920 .948 .978 
Ar. liaO !049 !&» !03S losi Mi IMl ^ Ml Ml .961 
DUfereuce between Control At. and final CUtein At — .018 +.012 

TABLE XXXri 

Thbh-roli Txst. Squas IL, Expebdokt A 

Showing ratio of S:30 teat to performanee before doee at 10:30 a.m. 

OflUn A*, of At. of 

Oontrol ludl 4udt 

BBld. At«h* H.V. lOr. U.V. SOr. U.V. lOr. M.T. (Or. Sr. Or. 

8 1.047 .063 1.035 .063 .000 .048 .998 .046 1.041 .997 1.019 
12 .051 .045 .988 .026 1.020 .043 1.053 .073 .994 .974 1.023 
IS 1.02s .079 1.079 .020 .091 .073 1.076 .043 .978 1.035 1.027 
At. 1.008 Jm 1.014 .033 "mO UsS 1.042 !oM lioM l.OOS 1.023 
Diffennee between Control At. and Caffein At. — .006 +.015 

XXX.) on caffein and control days, do not differ. This holds for all 
four sabjecta as well as for the final average for the squad. 

In the case of Squad II., the results for the first two trials after 
the dose have been computed in one table, and the results of the 
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TABLE XXXTTT 

Thbke-hole Test. Sqcas III., BxpisiicitiT A 

Showing ntk) of record* eit«r dose (Av. of 3:10 »od 5:30 trials) to record 

before dose (At. of 8:00, 10:00 and 12:00 trials) 

ludY i4dd? 



IQt. 


SQr. 


OAlD 
■ Or. 


«0i. 


»Br 


BMwMi>Th«MU<l 
Control A»nc* 


.S31 


.983 


1.011 


1.068 


.978 


.056 


1.004 


Mi 


.960 


I.OM 


.908 


1.027 


—.043 


—.006 


.MS 


.970 


1.032 


1.008 


1.001 






1.028 


1.032 


1.012 


1.034 


1.042 


1.004 


1.044 


1.0tS 


.912 


1.014 


1.098 


1.002 


—.088 


+.002 


LOSS 


.972 


I.OIS 


1.006 


1.022 






1.06» 


.972 


.»69 


.936 


1.043 


1.006 


1.049 


1.055 


1.108 


.906 


.987 


1.230 


+.060 


+.044 


i.oei 


1.070 


.978 


.901 


1.137 







I .048 1.013 1.004 1.008 1.012 1.063 1.008 1.033 

—.011 +.014 
TABLE IXZrV 
Thbo-bou Tbbt. Squad IV., Ezftomkht A 
Batio of records after dose to records before doee 

Arantn Atwu* 

1 ud 3 4 and • 



Control 
Armn 


H.V. 


lOr 


lOt. 


?r 


4 01. 


4Gt. 


CODtlOl Atv*(< 


.976 


.089 


.880 


1.0S6 


1.040 


1.011 


1.067 


.900 


1.068 






1.080 


.946 


1.027 


1.084 


1.072 


+.023 


+.082 






'^ 


l!oi6 


i!M3 


1.047 


1.060 






1.009 


.029 


.936 


.086 


1.018 


1.087 


1.046 


.966 


1.036 






1.008 


.933 


1.022 


.942 


1.066 


—.034 


+.028 






.971 


M» 


r^ 


row 


r065 






.078 


.028 


1.001 


.996 


.968 


1.068 


1.016 


.976 


1.036 






.957 


.066 


1.041 


1.036 


1.048 


—.003 


+.067 






.979 


.971 


1.004 


foil 


ijm 






.999 


.098 


.908 


.896 


1.07S 


.084 


.884 


.893 


.962 






.925 


.848 


.874 


.907 


1.03B 


—.106 


—.047 






.016 


.in 


"!976 


.948 


.960 






.070 


.000 


.036 


1.117 


.914 


.977 


1.100 


.961 


.902 






.000 


.80< 


.810 


.032 


.060 


-.009 


+.022 






.917 


fooo 


MS 


M* 


LOW 






.087 


.067 


.963 


.W4 


.079 


1.000 


1.080 


.968 


1.014 
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60 INFLUENCE OF CAFFEIN ON EFFICIENCY 

5:30 trial in another. In addition to the ratios and their M.Y.'a the 
difference between the final averages for control and for caffein days 
is given, the 1 and 2 gr., and the 4 and 6 gr. doses being here averaged 
together. The results from both these tables confirm the statements 
already made concerning this squad — ^tbe small dosea result in stim- 
ulation while the laige dosea are followed by retardation. The effect 
on this sqnad is, however, slight, and the three individuals do not all 
closely follow the rule drawn from the squad average. The small 
amount of both stimulation and retardation found here is apparently 
due to the time of day at which the dose was taken (10:30 a.u., a 
point of maximum efficiency). 

In the case of Squad III. the separate records for each of the caf- 
fein days are given, as well as the averages. Subject 3 is always 
stimnlated by the 1 and 2 gr. amounts. For larger amounts the ma- 
jority of the days show retardation, only two days showing stimula- 
tion. Averaging the 1 and 2 gr, gives 4.3 per cent, stimulation, 
while the average of the 3, 4 and 6 gr. amounts gives retardation. 
The same is true of subject 9, while subject 14 is retarded by both 
small and la^e doses. The average for the squad gives 1.1 per cent, 
stimulation for small and 1.4 per cent, retardation for large doses. 
These amounts are somewhat larger than those of Squad II. 

With Squad lY., the result is most striking and the magnitude of 
the effect greatest. The average of the five subjects gives 2.5 per 
cent, stimulation for small doses and 2.7 per cent retardation for 
large. All the subjects follow mnch the same rule, and it is apparent 
that the magnitude of the caffein effect varies with body weight. Sub- 
jects 5 (105 lbs.) and 11 (110 lbs.) are affected by as much as 8 and 
10 per cent. Subjects 6 (125 lbs.) and 10 (157 Ihe.) run only as high 
as 3 to 6 per cent., while the heaviest subject, No. 16 (174 lbs.) has 
a msximnm average of only about 2 per cent. 

Thus whether the corresponding records of control days, or the 
average performance on a given day before the dose is taken, be 
adopted as the standard of comparison, the same result is indicated. 
In all respects these results resemble closely those yielded by the 
typewriting test, which is reported in another chapter. In the type- 
writing test the speed of performance is quickened by small doses of 
caffein (1 to 3 gr.) and retarded by larger amounts (4 to 6 gr.). 

^ SUUHABT 

The following statements are borne out \fs the data. The effect 
of small amounts of caffein on the coordination test is stimulation, 
while that of larger amounts is retardation. There is some evidence 
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that tbe retardation produced by the largest amount (6 gr.) is sub- 
sequent to a slight initial stimulation. The caffein effect ia slight in 
the case of the squad taking the dose in the a.h. It is somewhat 
greater in the case of the squad taking the dose at the lunch hour, 
and ia greatest of all when the dose is taken in the p.m. without food 
subfltance. Further, the magnitude of the caffein effect varies in< 
Tersely with the body weight of the individual tested. 
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CHAPTER VII 

Influence o? Capfein on Speed and Qdalttt of Pebfobhancb m 
T Y wt w biting' 

Tee greater part of the previous woi^ on the influence of drags 
has been directed toward the study of relatively simple mental and 
motor processes such as reaction times, free and controlled aseocia- 
tions, reading, adding, hitting at dots, and especially the production 
of etgogtana. In the present experimentB, in addition to the in- 
vestigation of the series of similarly simple procesaw reported in the 
preceding chapters, an attempt was made to measure the influence of 
caffein alkaloid on a more complicated process, that of performance 
in typewriting. 

Subject No. 2, a woman of 38 years, already fairly proficient in 
typewriting by the touch method, did not take part in the tests 
throi^h which the previously described squads were put. Instead 
she made systematic records of her skill in typewriting throughout 
the four weeks. Buiikin'B "Sesame and Lilies" was chosen as the 
material to be copied, since it was fairly uniform in character and 
interest throughout, and was unfamiliar to the subject. The pages 
of the edition used contained 27 lines, the lines containing on the 
average 35 characters (letters and punctuation marks). The pages 
were placed in a random order on an improvised holder, directly 
over the machine and on a level with the writer 's eyes. Care was taken 
to keep the lighting conditions as constant as possible and the amount 
of disturbance through the day at a minimum. The subject corrected 
all mistakes noticed at the time they were made, and record was 
made (1) of the time taken to write the standard amount, (2) the 
niuuber of corrected errots and (3) the number of errors passing 
undetected. The time record was kept by the subject herself, but 
the errors were counted after the close of the experiment, by a second 
person and checked up t^ a third. 

During the first 27 dajrs of the experiment the standard amount 
was 3 pages. This amount was written 7 times dtuly, the hours being 
at 8 :00, 9 rOO, 10 :00, 11 :00, 2 KW, 3 :]0 and 5 :30, in order to distribute 
the trials as much as possible over the entire day. During the first 
week only sugar doses were taken, the object being, as in the case of 

■This oliapt«r is npriuted from tlie Pijiehologiool Stvt«w, Jbuhatj, IQIS. 
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the squads alreat^ described, to reach a practise level and to secure 
perfect adaptation to the conditions of the experiment before the 
caffein was administered. After the first week cafEein doses were 
given, in capsule form, on alternate days, the subject being in no 
case able to distinguish between the caffein days and the control 
days. This arrangement gave two days for each of the 1, 2, 3, 4 
and 6 grain doses esnployed. The doees were given in increasing 
amounts, and in all cases just after the first trial for the day had 
been made, this time being about 8 :30 a.h. When caffein is taken in 
capsnle form its effect does not begin until about one hour after 
taking. Conseguentiy, besides comparing the absolute amount of 
woife done on caffein days with the amount done on control days, the 
first two trials of each day may he used as a normal performance for 
that day and the ratio of the five later trials to this normal computed 
for both kinds of days. 

On the remaining 3 days (the intensive experiment) the subject 
came to the laboratory daily at 10 :00 a.u. and wrote 2 pages each 
half hour (excepting short intermisBions for lunch and dinner) until 
9 :15 P.M. thus making 19 trials each day. On the first of theae three 
days 3 grains of caffein were taken at 3 :15 p.m., just before beginning 
the 10th trial. On the second day a control capsule was taken at Ae 
same hour and on the third day a 6 grain dose of caffein. During 
these days there was absolutely no evidence of practise effect, the 
subject having reached her level some time before the intensive ex- 
periment began. It should be stated that when the book bad been 
copied through once its pages were ahuffled again and re-written in 
random order. 

Rivers has made some use of the typewriting test in his work on 
the effects of caffein and alcohol by inserting periods of writing be- 
tween the suecessive performances on the ei^ograph. In the case of 
alcohol neither the speed nor the accnracy of the writing seemed to 
be affected. "There is certainly no indication of any favorable ac- 
tion of the alcohol" (p. 96). "The errors in typewriting fall into 
two classes — those which escape notice and those which are noticed 
and corrected. ... It will be seen that the latter are not very nu- 
merous, and so constant in number that they give not the slightest 
indication of an alcohol-effect. The uncorrected errors occur more 
frequently, and show an unmistakable tendency to increase with the 
rapidity of the woil, being most nomeroos in the second interval of 
the fifth day, when the amount of work reached its maximum. When 
this increase with rapidly of work is taken into account, there is no 
definite indication of any alcohol-effect" (pp. 97-8). 

There is however a striking discrepancy between these statements 
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of Rivers &nd the table (p. 96) on which he bases them. The table 
referred to is given complete below and the discrepancy pointed out 
becaose of ite bearing on certain reenlta of the present experiment. 

TABLE ni' 

Hit 17 H*r» MtjU TUjV lUrU liar » 1[»3S Ibrtl 
Ko dCM Ciniim 10 e.g. 10 g.d. Ne dOM 10 tA Caubol Cnlrol 

1st intoiTa] 

Qnantitr of work S32 821 841 684 883 847 871 90S 

Corrected errora 47 56 86 80 89 74 86 S4 

Uncorrected errors 26 30 '38 26 39 87 81 31 

Sd mtervtJ 

Qiiatitit7 of irork 797 648 805 884 956 897 88S 904 

Corrected errors 86 71 80 98 140 99 107 187 

nncorTeet«d errors 45 49 31 26 4S 36 44 19 

Contrary to the statements quoted in the preceding paragraph, 
the corrected errors are without exception much more numeroos than 
the UTKorrected. This, it will later be seen, was also the case in the 
present experiment. The absolute numerical proportion between 
the two types of errors is of course immaterial and even their rela- 
tive numbers would depend chiefly on the attitude of the subgeot 
toward the question of corrections. 

In River's experiments with caffein .3 gram of caffein citrate, 
equivalent in strength to about 2.5-3 grains of the alkaloid, was taken 
morning and evening for 6 days, and on mornings only for another 
6 days adequate control doses beii^ employed (gentian and citrio 
acid). The dose was taken 10 minutes before the woric began. With 
respect to speed, this experiment showed "the distinct superiority of 
the caffein daya" (p. 45). The number of mistakes was also de- 
termined and "here it came out quite definitely that the drug was 
without infiuence." 

Of the three most available methods of presenting the results of 
-Qie present experiment only two show clear results. One might on 
the one hand map oat the efficiency curve for the various days, thus 
indicating, on each day, the course of the performance before and 
after taking the dose. But diurnal variations arising from other 
causes obscure the relatively slight influence of the drug from this 
point of view, A more satisfactory way is to compare the total 
amount of worii done on the caffein days, after the dose has been 
taken with the similar records afforded by the control d^s, thus in- 
dicating the general capacity for work rather than the diurnal course 
of efficiency. Or instead of the total amount of work done we may 
use to advantage the ratio of this amount to the normal woi^ of the 

'BivKS, "Tbe Infloeuee of Aleohol and Other Drugs on Fatigue," p. H. 
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respective days, the normal consiatiiig of the woi^ done before the 
dose was taken. 

From the point of view of speed of performance both of these 
tatter methods show clearif that doses of 1-3 grains of caffeiu alka- 
loid are Btimulatiog in their effect while lai^er doses (4r-6 grains) 
produce retardation. Fig. 12 records the total time taken for the 6 
trials after the capsule was taken, for each of the 19 days of the first 
series of teats, beginning with the last day before the cafFein doses 
commenced. The broken line follows the records for the control days 
and the solid line that for the caffeiu days, the time being recorded in 
minntes. The 1 and 2 gr. doses show indication of decided stimola* 
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Fre. IS. 8p^ m Trnwumia. 
■iz trials ttta tha doM, on Meh dnj. 
solid lins esffoiit dajs. 



Showing the total tim« reqoired for ths 
Broken line represents eontrol dJtjs and 



tion, but at the 3 gr. dose the cnrres cross, the la^^r doses of cafFein 
yielding longer times than those of the control days. Presented in 
this manner, however, the stimulation is somewhat obscured by the 
practise effect shown by the curves as a whole. 

In order to eliminate this factor of practise to a greater degree 
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and to allow for daily variations of an irrelevant sort, I have com- 
puted the ratio of the average performance after the dose to the 
normal performance of each day, this normal being secured by aver- 
aging the first two morning trials. These ratios give the curves of 
Fig. 13 in which again the broken line represents the ratios for the 
control days and the solid line those for the caflFein days. The effect 
su^ested by the curves of Fig. 12 is here very clearly repeated, ex- 
cept that the retardation does not appear until the 4 grain dose is 
reached. The carve for the control Aaya is practically a horizontal 
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line, showing nnifotm maintenance of the normal throughout the con- 
trol days. But the solid line shows improvement over the daily 
normal after doses of 1-3 grains and retardation below the daily 
normal after larger doses. 

Table XjL&v. shows the final averages of the daily totals for the 
last five trials of all the days. The control days and all the eaffein 
Asg%, regardless of the size of the dose, are averaged, and the time, 
the nnmber of corrected errors, the number of uncorrected erron 
and the total erron recorded in separate eolumns. 
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TABLE XXXV 

Emn Emn TgUI 

Unu CumcMd ILT. rnoDmaMd U V. Emn 



Control dsTi 1M.7 208 7 73 M 281 

C»fl0iii d«ri 146.7 201 11 66 18 267 

The average timeB balance, on account of the compensatrng ef- 
feetB of the small and large doses. The averages for both kmdB of 
errorB are smaller on caffein days than on control days, bnt the mean 
variations are fairly largo and the difference is quite within the 
range of the probable error. Nevertheless the fact that it is a gemune 
difference is apparently borne oat by the results of the intensive 
experiment which follow. But the difference is so small that curvee 
corresponding to those for the times fail to show anything dearly. 

Table XKXVl. givea the reaolts of the three-day intensive experi> 
ment, in which 19 trials were made, the dose being taken at the time 
of the 10th or median trial. The table gives the totals for the 9 trials 
before the dose, comparing these with the totals for the 9 trials fol- 
lowing it. 

takj: zzxvi 

iNTINSm EZFtBIUNT 



— .37T 
-I- .400 



These flgares confirm the previously drawn condnsions. With 
respect to speed of performance the slight fatigne present on control 
iayu pvea place to very slight stimulation on caffein dajrs. The 
actual difference in time is, however, so slight as to be, in this case, 
scarcely worth mentioning. And this is what we should expect when 
the 3 and 6 grain doaes are taken. But the diflereoce in the nomber 
of errors of both kinds is very great. On control day the corrected 
errors are slightly less after the doee than before it ( — 6.8 percent.). 
But after the 3 grain dose they decresse much more decidedly 
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( — 27.7) and after the 6 graina still more bo { — 37.7 per cent). 
The uncorrected errors are greater for the last 9 trials on control day, 
dearly less after 3 grains of caffein ( — 16.7) and strikingly less 
after 6 grains (—42.3 per cent.). Compared with the flnt 9 trials 
the total errors for the last 9 trials are greater for the control day, 
lees for the 3 grain dose, and still less for the maximnm dose of 
cafEein. Contrasted with Riven' result for alcohol, the time and the 
errors grow less, simnltaneonsly, and the superiority of the wo^ 
from the point of view of errors, which did not seem to be present in 
Bivers' tests of caffein, is clearly shown. But this superiority is seen 
only when the general capacity for work, over a considerable period 
of time, is examined. 'When the results are platted so as to show the 
cotiTse of the performance throughout the day, the curves are obscure. 

X SnUUABT 

The speed of performance in typewriting is quickened by small 
doses of caffein alkaloid (1-3 grains) and retarded by larger doses 
(4-6 grains). The quality of the performance, as measored by the 
number of errors, both corrected and uncorrected is superior, for the 
whole range of oaffein doses (1-6 grains), to the quality yielded by 
the control days. Both types of errors seem to be influenced to about 
the same degree. The increase in speed is not gained at the expense 
of additional errors, but increased speed and decreased number of 
errors are simultaneously present 



Digitized by Google 



CHAPTEB nn 

THB IKFLCENCE of CaFFEIN on the COLOB-NAUtKO Tbst 

Whesn the investigation began, a few preliminary triala seemed to 
indicate that ordinary daylight would afford conditions which woold 
be so constant as to produce no great variability in the color-naming 
test as the result of fluctuating illumination. But the woi^ had not 
progressed far before it was found that the dinmal variations in 
sunlight were so great aa to constitute a diatnrbing factor in the 
records. On most days there was insufficient daylight at ttie 5:30 
teat for the colors to be promptly distinguished, whUe the introduc- 
tion of such artificial light as was then available changed appreciably 
the color tone of the bits of paper. Bather than diatarb the experi- 
ment when it was well under way and trusting to the 3:10 trial for 
indications of the character of the caffein influence, if such were 
present, it was decided to omit the color-naming teat at the 5:30 
period in Experiment A, thus giving only one trial after the dose. 
The reaolt was that nothing came of this test in Experiment A. 
Such influence as was present was too tardy to be revealed so soon 
after the dose, hence the 3 :10 records differ in no respect from those 
of the three trials before the dose. In Experiments B and C a gas 
mantle was secnred which gave a fairly pure white light and the 
test was conducted in this artificial illumination at all trials, in- 
cluding 5:30. 

EXFERDIENT C 

Experiment C will serve to give an introductory view of the 
character of the caffein influence on this fairly simple associatioo 
process. Table XXVII. gives the records (Av. and M.V.) for the 
one squad of 12 subjects used here, for each of the five trials on the 
various types of days. Further, since the doses were taken before 
the 3:10 and 5:30 trials (15 minutes before the trials began) the 
7 :45, 10 :00 and 12 :00 records have been averaged to constitnte a 
normal record for each type of day end the two trials (3:10 and 
5:30) following the dose, when averaged, give the indication of 
caffein inflaence. In a final column is given the ratio of this after- 
noon average to the normal performance in each case. 

The blank days (no dose whatever) show fatigue in the latter 
part of the day, the afternoon's work averaging 105.4 per cent, of 
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TABLE XXXVn 
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8.4 


7.1 




Bttop diTi, 


A». «.0 6S.8 80.0 66.8 57.3 


87.8 


S6.2 


98.1 



24 ca0M H.T. 8.8 0.0 7.4 0.4 B.l 7.4 9.3 

Synip ud 1.2 gt. At. S3J 67.8 S9.2 63.0 B0.9 66.6 S4J> 90.0 

ekff«iD, 12 MMS H.T. «-.4 7.1 S.3 6.2 6.6 8.3 7.3 

Brmp aod 3.6 gr. At. 6S.4 S7.3 61.2 54.S 66.fi S6.0 06.0 H.6 

cafluQ, 12 eases U.V. ».l 8.6 S.8 0.3 0.7 8.6 B.G 

Sttdp and 6 gr. At. 

eaflsin, 12 essee U.T. 

Oiflein At., At. 66.2 66.0 60.9 64.6 66.6 67.9 66.6 96.0 

36 cases U.V. 10.6 8.4 S.8 8.3 0.0 0.3 0.1 

the normal. On the plain Byrup days the 12 :00 o 'clock period shows 
the same tendency beginning, but after the symp doses (taken with 
carbonated water) the record falls instead, the woi^ after tJie dose 
averaging 98.1 per cent, of the normal, an abeoliit« stimulation of 2 
per cent., or a relative stimulation, as compared with tlie blank days, 
of 7.5 per cent. After syrup containing 1.2 gr. of caffein (also 
taken with carbonated water) the initial tendency to fatigue is again 
transformed into stimolstion, this time resulting in a superiority of 
9.5 per cent, over the blank days. After 3.6 gr. of caffein this rela- 
tive stimalatioD rises to 10.6 per cent, and after 6 gr. there is an 
average superiority over the blank days of 8.0 per cent. The aver- 
se of all the caffein doses shows clearly the same initial tendency 
to fatigue that is present on days with no doses, and also, in sharp 
contrast with these latter, the considerable stimulation following the 
dose (average absolute 4.0 per cent., average relative 9.4 per cent.). 

The whole amount of this stimalation can not however be attrib- 
uted to the caffein, since the plain syrup doses yielded an absolute 
stimulation of 2 per cent. The ^ect here is no doubt simply a case of 
sensory and p^chic stimulation, produced partly by the excitement 
and interest of taking a drink with unknown contents, and partly by 
the sensoty effects of the carbonated water, the act of swallowing, ete. 
To get the true caffein effect, then, this plain syrup effect most be 
allowed for, but the donble control afforded by the blank days on the 
one hand and by the plain syrup days on the other, renders highly 
reliable the conclusion concerning the character of the caffein effect. 

Since the net caffein stimulation is in this experiment present at 
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the 3 :10 period the effect of the drug would seem to begin in about 
half an hoar after taking the drink. Obrionaly this result is not 
comparable with that secured when the cafFein is administered in 
capsnlea. Taken with ttie symp the substance is already in solution 
and the reaction would be expected to follow more quickly than in 
the case of the capsule doses. 

EXPEBIUENT B 

For further information as to tlie reaction time and for data con< 
ceming the duration and the after effect of the stimulation the re- 
sults of the intensive experiment, in which the capsules were chiefly 
used, must be examined. Curres 14 to 17 give the average records 
for the various squads at each of tlie successive trials, on each of 
the three days, the solid line representing March 3, the broken line 
March 4 and the dotted line March 5. 




i ¥ s iifi? f ? /a // fjL /J /¥■ /r 

Fra. 14. CoLOK-NAMiNo Tkst. Eiperiment B. Squad I. (ControL) 

Squad I. ran for the first two days on sugar doses only. The 
curves for these two days indicate in a veiy striking w^ the normal 
tendency to fatigue which this color-naming test shows. On the last 
day this squad received 3 gr. capsules of caffein after the 6th trial. 
At the 2d subsequent test (90 minutes later) the squad responds with 
a stimulation that is as pronounced as was the fatigue ^ect of the 
preceding days. After this strong stimulation the curve begins to 
rise again toward the normal fatigue level. But thia level is never 
reached, for after the 12th trial a second capsule, containing 2 gr. of 
caffein was given, whereupon the curve drops again. A second 
stimulation thus follows upon the first, just as the curve is about to 
reach the fatigue level. Three hours after the first caffein influence 
b^nna to ahow itself there is still evidence of the primary stimula- 
tion produced by the 3 grain dose. 
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Squad II. took syrup with caffein (1.2 gr.) od March 3 and 6, 
and a sugar cspgule on March 4. This last day shows the normal 
fatigue curve present also in Squad I. and in Ezpenment C. Bat 
2-2} honrs after the eaffein drink on March 3 the curre dropa to a 




TfUl-/ 'i 3 •>* •*' **7 * f ,0 tt ti. 13 if- f->' 
Fto. 15. OoLom-MAMtNO Test. Eip«rimQiit B. Bqnad II. (Solution.) 

level lower than that of the performance before the dose. Evidence 
of this stimnlation is still present at the close of the day, a persist- 
ence time of neariy 4 hours. On the following morning there is no 
evidence of relapse, the three curves starting at approximately the 
same level, with a slight superiority in favor of the last two days.* 




/o // /x /i /¥ /s- 
Sqiud ItL (8 gr.) 

The second dose of caffein for this squad (March 5) does not 
show the same amount of stimnlation that is present after the 
first doee. The general level of the curve drops but slightly, although 
the tendency is dearly to follow the level of the previous caffein dqr 
rather than that of the control day. 

■ThiB tendencj of the curvM to drop to lower general lereU on the mie- 
eeeaive days ib preeent with Squads in. and IV. as well. If it be recalled 
that on theoe intensiTe daya the 100 colon were named in the same order at each 
of the IS trials it will sot be at all surprising that this slight appearance of 
general practiae or familiaritj' i> preaoit. 
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With Sqnadfl III. and IV. (closes of 3 and 6 gr. respectively on 
March 3, and sugar doses on the remaining dayH) the results are not 
so apparent as those of Squads I. and II. The net result of the oaf- 
fein on Squad III. seems to have been to relieve fatigae at the last 
teats of the day. This evidence is reenforced l^ the fact that the 
carve for the following day, although it begins on a lower level 
(probably as a result of the general practise pointed ont above) 
finishes somewhat higher than that of the first day. Squad IV. be- 
haves in much the same way as Squad III. The curve for the caf- 
fein day, b^inning considerable higher up than that of the day 
after, finishes on about the same level. Fatigue on the third day is 




j-y. • . . , • " . - • '^ . 

y*^ 1 I I I 1 I I I 1 I I I 1 f I I 
T-i'aI / z 3 f^ s Cif-7 i 9 /o n li. fS /V- /i-' 

Fig 17. COLOft-KAioNa Tibt. Eiperiroent B. Squad IV. (6 gr.) 

slight. Perhaps the only safe inference to be drawn from the records 
of these two squads is the negative one, that caffein (in 3 and 6 gr. 
amounts) has at least no depressing effect on this test. The evidence 
from Squads I. and II. and from Experiment C is quite sufficient 
to demonstrate that when any effect is present it is stimulation. 

SuifHABT 

There is clear indication of stimulation in the color-naming test 
for tfie whole range of doses employed. But in all cases this stimu- 
lation is more apparent after the smaller doses than after the lai^r. 
The effect b^ins in about 2 to 2.5 hours after the capsule has been 
taken and is still present 3 to 4 hours later. There is no evidence 
of any after effect on the following day. Of incidental interest is 
the considerable retardation produced in this test by the evening 
meal, (See intensive curves.) 
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CHAPTER IX 

The Iotlhencb op Capfbin on thb Opposites Test 

In the opposites test, as in the eoloT-namiiig test which precedes 
and in the calculation test which follows, there were no errors al- 
lowed, so that the only record to be made was the time of perform- 
ance. In all cases the amount and quality of performance was con- 
stant. In the foUowing enrves of Subject 10 for Experiment A, a 
typical caffein effect is to be seen. The first two curves represent 
records made at the 12:00 period, before the dose was taken. At 
5:30, four and a half hoars after the dose, which was taken at the 
lunch hour, the second pair of carves resolts. The broken line repre- 
sents days on which the dose was sugar, while the solid line repre- 
sents the caffein days, the first two records being 1 gr., the next two 
2 gr., and the following pairs 3, 4 and 6 grains. This subject is seen 
to be stimolated by the smaller doses of caffeui, the solid line running 
lower at the 5 :30 period than does the curve for control days. In 
the case of the larger doses there is no clear evidence of stimulation 
on the part of this subject. These individual enrves are given only 
aa suggestive of the character of the caffein influence for a more com- 
plete knowledge of which the results from the sqaad averages are 
given in the following. 

EXFERIKBNT A 

Tables XXXYin.-XLV. give the resolts of Experiment A for 
all four sqnads. The data here are treated in the same way as were 
those in the case of the tapping test, the actual records on caffein 
days being compared with calculated records for tiie same days. 
These calculated records are secured by averaging the records of the 
preceding and the following control day at the corresponding trial. 
The records for the respective doses Eire then averaged, and the dif- 
ference between actual and calculated records computed. Cases in 
which the control records were longer are mailed +, and cases in 
which the control records are quicker are marked — . After the 
dose has been taken, on a given day, the + differences will indicate 
stimulation, while the — differences will indicate retardation. But 
at the trials before the dose, the reverse will be the case, since the 
morning records of control days follow upon the caffein doses of the 
preceding days. 

74 
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TonuDg now to an examination of these tables, the records for 
Sqnad I. show purely chance distribntioD of differences at all but 
the 3 :10 period, the magnitudes being email and the signs as often 
.+ as — . But at 3:10 there is a tendency for the psendo-caffein 
days to be somewhat slow, the differences between actual and cal- 
enlated records being all negative, and averaging about 2.2 seconds, 
the time of performance ranging between 42 and 55 seconds. Since 
this sqnad had only sugar doses throughout the experiment, this 
apparent retardation on pseudo-cafiFein days most either be consid- 
ered simply a chance affair, or else to point to some more general 

90^ 
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OrFoaxrta Txsr. Bnbjeet IZ. Ezperiaunt A. Taking wffeiii at 1:00 p.m., 
with Imidu Broken line lepreMnta eontrol daT* and wlid line eaffwn d^v. 
Tifl. 18. Tot at 12:00 M. No difference between eaffein and control daja. 

factor that happened to affect performance in this test at the period 
and on the days in question. In the latter case, the fact should be 
borne in mind in interpreting the results secured from the other 
squads. 

Squad n. yielded the records found in Table XLIII. The calcu- 
lation of actual and expected records is not carried out here, since 
the doses were alike on successive trios of d^re, as erplained in 
Chapter 11. Instead the avenges for all periods on each ^pe of 
day (control, 1 gr. eaffein, 2, 4 and 6 gr. of eaffein) are given. The 
dofle was taken at 10:30 a.m. The records for control days show 
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slight inferiority at tbe moming trial (7 :45) and the best record of 
the days at 10 :00. After this time the record lies always between 
these two extremes, with no considerable variation. Comparing 
this with the caffein days, the drug seems in no way to have in- 
flnenced the speed of performance. The caflein averagee show the 
same relation to each otiier for all doses, with no dear indication of 
any difference in performance after the dose. 

in the case of Sqaad III., the 3 :10 records show no consistent dif- 
ferences between caffein and control days, but the superiority of 
control days, found in Squad I., is not present here. By the time of 

w- 

fa^ 

30- I I I r I r t I 

rib. /a /z /¥ // // jt.6 zx xy- zi 4t 

Fra. 19. Tett at 9:30 f.M. StimDlaticm from muU doeei. Ho ftppuont 
effect from Urger omoniits. 

the 5 :30 test, caffein doses, of 1-3 gr. yield considerable stimolation 
(6.6, 2.4 and 1.5 sec.). For larger doses the differences balance. 
The effect seems to decrease thronghont with the magnitude of the 
dose. On the post-caffein mornings there appears to be retardation 
for the small doses of the day before, while the larger doses seem to 
result in stimulation at this late period. At 10 KK) and 12:00 the 
differences are quite balanced. This squad took doses at the lunch 
hour. 

With Squad IV., taking doses in mid-afternoon, the differences 
at the 3 :10 period average less than .5 sec., and the signs balance, 
showing no effect unless the absence of the retardation found in the 
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ease of the control sqoad be taken to be signifiesnt At 5 :30 there 
is Btimiilation for all dosea, averaging 1.8 see. or 4.5 per cent The 
amount, as in the case of Squad III., ia leas for the large doeea than 
for the smaller. On the following momiag there is continaed tend- 
ency to stimolation, especiallf mariced at the 7 :45 and 12 :00 periods. 
The effects of caffein on the opposites test in Experiment A are 
much more dearly shown if the standard of performance be taken 

TABLE sun 

OrroBiTMB. SqvAS I., Ezpwheht A 

Showing tha ratio batw««n tlte raeorda mftor ths doae to the r«eoTdi b«for« th« 

. doae. Oompftring control ia.jt witb pseudo-cafFein dA7«, tor pmpooea 

of eontrolling data from tbo other iqnada 

SalitMt CoDtnt At. If.T. pMud. (M. At. M.T. 

1 1.041 .OSE l.OST .048 

4 1.007 .088 I.066 .088 

T 961 .044 1.0M .OH 

16 1.15S .000 1.133 .074 

ATonge r04l .MO fw? .083 

TABLE XLVn 

Opposms. Squad ni., ExmnizNT A 

Comparing the avorage record after the doM with the average reoocd before 

the doae, on both control and eaffein daja 

CoBtral OtfWn CsflUn CodLAt. 

81114, AT«nc« M.V. 1 Or. S Or. > Or. 4 Or. e Or. Armc* ILT.— Ca£ At. 

a .«S« .080 1.017 .Wl .IW8 1.083 .B»4 

.8SB .see .Mffi 1.076 M9 
~Mi 'JBS MT Um .55r .979 .060 —.007 

9 1.019 .063 1.180 1.0S0 .943 .863 1.040 

.788 1.020 1.016 .972 .868 
"587 \Jm ~Sn .918 "S62 .969 .087 —.060 

14 1.018 .018 .968 1.046 1.003 1.111 1.106 

l.oei .990 .972 .907 .023 
.094 1.018 1.037 1.064 1.014 1.023 .084 +.008 

SqlAv. 1.008 .060 .971 1.013 .981 1.011 .078 .000 .068 —.018 

to be the average perfonuftDce before the dose, instead of the corre- 
sponding record on control A&yi. In the latter case the tme io- 
flnence ia perhaps partially concealed by the lai^ practise effect on 
this test. Using the performance before the dose aa the standard, 
and computing the ratio of the performance after the dose to this 
standard, for all types of day, yields the flgores given in Tables 
XLVI.-L. In the case of Sqnad II., where tiiere were three trials 
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for each sized dose, the average and M-V-'a of these three trials are 
used, and the two earlier and the last trial of the afternoon are kept 
separate. In the case of Squads III. and IV., who had only two 
days for each dose, both records are given, as well aa the averages. 
In the tables the difference between the average ratios on control 
da3rB and the ratios on caffein days are also given. The control 
sqnad (Table XLYI.) yields the same appearance of retardation on 
pseudo-caffein days Qtat was pointed oat in the preceding discussion 
of that squad. If this effect be taken to indicate some common ont- 

TABLE XLTin 

Opposms. Squad H., Expsbuuni A 

Showing the ntio of the 12:00 end 3:10 trials (Av.) to the average 

of the 8:00 and 10:00 triate. Dose at 10:30 



1.026 .070 1.0«e .086 
1.004 .088 .SS» .OW 
.003 .000 .006 .006 



At. 1.008 .083 



.iGr 


T\i. 


14(ir. 


I1.7. 


1.006 


.058 


1.0«6 


.073 


1.001 


.043 


.068 


.038 


1.068 


.120 


1.049 


.108 


1.016 


372 


1.027 


.066 



TABLE JTT JX 

OPTOsms. Bqdas n., EzpEiniXNT A 

Showing the ratio of the 5:30 trial to the average of tho 8:00 
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1.060 .063 


1.116 .043 


.979 .026 


.«» .110 1.023 


1.029 


.060 


— .021 


12 


1.024 .110 


1.049 .006 


1.001 .130 


.M7 .073 1.019 


1.019 


.090 


— .005 
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1.028 .070 


.044 .060 


1.140 .080 


.995 .076 .997 


1.021 


.072 


— .002 
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1(83 
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— .009 



side factor inflaencing the records on these days, the amonnt of 
stunnlation indicated in the tables for the caffein squads ia much 
less than what was really present, by some 8 per cent. 

Consistently with the results indicated by other tests, the squad 
taking the dose in the a.h. (Sqnad II., Tables XLVIII. and XLIX.) 
shows the least influence. The stimulation present with this squad 
comes from the larger doses. The average amount for the sqnad is 
.9 per cent, at both the earlier and later trials of the afternoon. 

Squad III. (dose with lunch) yields an average stimulation of 
twice this amonnt (1.8 per cent). Only the heaviest of the three 
subjects, No. 14 (193 lbs.) fails to be stimulated, and it is this 
individnal whose records bring the squad average down so low as 
it is. 
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As would be expected from the results of other tests, Squad IV. 
nhowB the cafFein influence most clearly and to the greatest degree. 
The individual averages show stimulatiou without exception, the 
amounts, on the basis of the average for all doses, ranging from 2 
to 12.5 per cent. The squad average for all doses is a stimulation of 
almost 6 per cent. Four of the five subjects get the greatest stimu- 
lation from the small doses. This is perhaps to be at least partly 



TABLE L 

Oppobitxs. Squad IV., Exmoam A 

Sluwing TKtio of triftb ftfter dose to trials befon dose. Dom at 1:45 P.u. 

Avorage of 3:10 and S:30 records <tompaTed with ATsrag^ of 

8:00, 10:00 uid 12:00 records 

Contisl OtAlD DkflUs OoDt. Ai 

hllij. Atuh* H-V. 1 Of . 3 Or. 1 Or. t Or, I Ot. Atuh* K-T. -tU. k.\ 

S 1.079 .OeO .000 1.023 .SW .914 .890 

.003 .eeo 1.033 .072 1.007 



1.033 .041 
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.906 


.946 


.943 


.948 


.084 
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.948 




.88S 


I.I2S 


.073 


.032 


.983 




I22 
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7060 


.087 


078 


1.120 


.93S 


1.067 


1.004 




096 


1.004 


.017 


1.078 


1.048 




.087 


1.062 


.026 


1.071 


1.026 


1.014 


038 


.093 


1.023 


.960 


.893 




928 


.860 


1.038 


.048 


1.047 




:«83 


121 


rrao 


Isi 


Ito 


.061 


940 


.033 


.Olfi 


.953 


.961 




092 


1.083 


J.181 


.994 


1.000 





.081 —.010 



.080 .088 .048 —.030 



Bqd.AT. 1.038 .046 .088 .008 .088 .988 .976 .960 .000 -.086 

explained by the fact that the lai^er doaea were given at a later 
point on the practise curve, when the individual was approaching 
more nearly to his physiological limit. In this case a smaller measur- 
able amount might well indicate a greater caflFein influence. The three 
individuals showing the greatest stimulation are subjects 5, 11 and 
6, whose weights are 105, 110 and 125 lbs. respectiTely. Sub- 
jects 10 and 16, who get leas stimulation from the same doses weie^ 
157 and 174 lbs. respectively. The dependence of the magnitude 
of the caffein influence on body weight is thus once more demon- 
strated. Comparing the three caffein squads, the caffein infiuenee 
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is seen to be greatest when the doee is taken in the p.m. without food 
substance; it is less when the dose is taken with the inid-d&7 meal, 
and still less when taken in the middle of the forenoon. 

Experiments 

The reanlte of Experiment B, the three intensive dftTS, are given 
in curves 20-23. Here, as in the case of the other tests, the solid 
line represents March 3, the broken line March 4 and the dotted 
line March 5. Squad I. (control), Curve 20, shows clear indi- 
cation of caffein stimnlation. The first two days (sugar doses only) 
yield fatigue curves, the perfoimance decreasing in speed from 
35 seconds in the first two trials to an average of 45 seconds at 
the last two trials, a fatigue of 28 per cent, of the original time of 
performance. But on March 5, after the 3 gr. capsule of caffein 
after the 6th trial, the curve sweeps downward instead of upward. 




/^ // /z /s /f- /&- 

Fio. 20. Opposma Tsar. Experiment B, Squad I. (GontroL) 

being, at the 9th trial, 2.5 hours after the dose, several seconds lower 
than the original performance at the morning trials. This effect 
remains daring three trials (2.5 hours). After this point the curve 
approaches the normal fatigue level, but is brought down again by 
the additional 2 gr. dose late in the evening. Before the dose the 
curves pursue qmt« the same level, but after the dose the trials for 
the rest of the day average 39.4 seconds on the first control day and 
42.0 seconds on the second, as compared with 35.8 seconds on the 
caffein day. 

In the curves for Squad II., all three days start out on about the 
same general level. On March 3 the curve then starts upward, as 
though the normal fatigue already seen in Squad I. were taking 
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place. Bat aboat 1 hour after tbe glass of STrnp, carbonated water 
and 1.2 gr. caffein, taken after the 6tfa trial, the curve sweeps down- 
ward and remains low for the rest of the day, the second and fourth 
records from the end being the best of the whole day. On the fol- 
lowing day (sugar dose after 6th trial) the fatigue effect is clearly 
present, the gradual rise being from a level of 30 seconds to one of 

3t^ ^. 

J4-I 1 ( i I I I I I 1 1 I I ' 1 
Tt-UO I 3 V r t'-if7 f f ft //At /3 /^ /J- 

Fia. SI. OPPoams Test. Ezperimeiit S. Sqoad n. (Solution.) 

over 35 seconds. On the third day (caffein in syrap again after 6tb 
trial) the tendency to fatigue is once more counterbalanced by an 
absolnte Btimalation b^iuning about 2 hoars aft«r the drink was 
taken. 

The March 3d carve for Sqoad III. runs on a onifonn level of 
32 seconds until just before the dose, when the level drops to 30 sec- 
onds. After the 3 gr. caffein capsule between the 6th and 7th trials, 




/O // AJi /3^/*< /J*' 

Squad m. (3 gr.) 



the curve lisea slowly until it again reaches the 32 second levd, 
where it remains for the rest of the day. No evidence of fatigue is 
present On the next day (sugar capsule after 6th trial) the carve 
runs on a level of about 29 seconds, some 3 seconds b^w that of the 
first morning, b^imung to rise at about the time of the sugar dose, 
and continuing by a gradoal ascent until a constant level of 33 sec- 
onds is reached — a fatigue of 14 per cent On the second control 
day the general tendent^ is again fatigue, amounting to about 3 
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BecondB (10 per cent.) at the final four trials. Whereas the per- 
formance before the caffein dose ia alower than that on either of the 
control mornings, the records after this dose are nnifonnly better 
than those of the correspooding perioda on control daya. The morn- 
ing trials after the caffein day give the quickest records made dur- 
ing the three days' woi^. That is to say, the saggesUon of Experi- 
ment A that stimulation is present on the momiDg after the dose, is 
farther confirmed by the behavior of Squad III. in this intensive 
experiment. 

Squad IV. does not offer snch a clear case of stimulation, and 
this is quite in accord with the results of Experiment A, where it was 
foond tfaat the greatest stimulation came from small doses, and 
where, in fact, the 6 gr. dose did not produce stimulation until the 
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Pia. 23. Oppositsb Tibt. Experimeiit B. Squad IV. (6 gr.) 

following morning except with one sqaad. Qenerally speatdng, it is 
true of Squad lY. in this Experiment B, that whereas the reoords 
before the dose and up to three hours or so after the dose follow 
quite the same level on all three days, after this point the records on 
the caffein day are 3 to 4 seconds lower than those of the first con- 
trol day and somewhat lower than those of the second. By far the 
quickest record made during the three days by this squad occurred 
on die morning after the caffein dose. The two control days both 
show fatigue at the last four trials of the day, but on the caffein day 
none of these records are slower than those made earlier in the day. 
Thus, for the 6 gr. dose, the effect is the same in kind hut leas in 
amount, as compared with that found with Squads I., II., and III. 

EXPEBDCENT C 
The results of Experiment C, given in Table LI., show no rdiable 
difference between the various t^pes of days. An interesting point 
in this connection is the absence of sensory stimulaidon in these mental 
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processes, as compared wi& the considerable stimnlation found on 
th« plain syrap days in the case of the motor tests. In the case of 
the oppoaitee test the syrap days do not differ appreciably from the 



OpPOSms. EXPKBIMSHT C 

Ginng the tiTeniga at Mch honi of the dsj on the vkrioiu tTpea of daj, the 
ftverftge of the fint three trials (before the dose), the average of the Uet two 
trials (after the doee) and the ratio of the latter to the former. Dose taken IS 
minutee before each of the afternoon trials. Becords are averages of 12 Bnbjeets. 
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1.2 gr. caf. 8 83.fi 84.9 34.3 
8.« gr. eaf. 10 32.8 34.0 33.6 
6 gr. caf. 12 83.0 33.3 86.9 



blank days, two days yielding the same percentage of fatigue (3.6 
per cent.) and the other two differing only slightly (blank 101.6 per 
cent and symp 98.8 per cent). In Ae case of the 1.2 gr. and 3.6 gr. 
caflein days, there is again no very clear difference as compared 
with the blank days or wiUi the symp days, althoi^h the averages 
torn out slightly quicker. The 6 gr. dose yields the highest per- 
centage of fatigue of any of the 7 days, although the per cent 
(4.9) ia Dot reliably different from the large amoont (3.6 per cent) 
found on both blank and ayrap days. On the whole thei 
be said to be any caffein influence present, and the effect < 
stimulation, if there at all, is but slight The reason for t1 
of caffein influence is no doubt to be explained by the fai 
brought out in the recmlta of Experiments A and B, the ci 
not b^in to affect the processes involved in the opposites 
about 2 to 2.5 hours after the dose when taken in capsule 
about 1 hour after when taken along with aymp as in E 
C. And in this experiment, the drink was taken only 15 s 
fore b^inning the tests. In the case of the motor tests, 
caffein influence begins more quickly and where sensor; 
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tion is more effective, the results of Experiment C are mach clearer 
than in the present case. 

SUHMABT 

The influence of caffein on snch processes as those involved in the 
oppOBites test is stimulation, which begins 1 to 2 hours after the 
syrup and 2.5 or 3 hours after the capsule dose. The amount of this 
stimulation, at its maximum, varies from 15 per cent. al»olute stim- 
ulation to mere counterbalance of a normal fatiKae tendency of 
about the same amount. In general the greatest effect results from 
the smaller doses. This stimulation is clearly present at the close 
of A&y, as much as 6-7 hours after the dose. In both Experiments 
A and B, and with all squads, there is evidence that the caffein 
influence is still operative on the forenoon following, 24 hours or 
more after the administration of the dose. The magnitude of the 
caffein influence varies inversely with body weight, and is relatively 
slight when Uie dose is taken at 10:30 a.h., somewhat greater when 
the caffein is taken along with the mid-day lunch, and still greater 
when the dose is taken in the middle of the afternoon, unaccom- 
panied by food substance. 
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■ CHAPTER X 

Inplubnob of Caffein on the CaijOULATION Test 

Thb calcalatioii test is more susceptible to the effects of practise 
than any other of the tests used. Even after the 35 preliminaiy 
trials of the first week of the experiment the record for Squad I. 
falls from as high as 102.7 secooda to as low as 61.2 seconds at the 
close of Experiment 4,— a practise drop of 40 per cent. The other 
squads improve in a similar way, the drops ranging from the 60 per 
cent of Sqaad I. to 32 per cent, for Squad II. This constant im- 
provement through practise is so great as to obscure the caflein 
effect which the otber tests yield in Experiment A. Thus the per* 
formance after a caffein dose might be speedier than the preceding 
day's record, bat the same effect would be present solely as a result 
of practise, and there is no way of assigning proportionate results 
to the two factors. Moreover the records of the following sugar day 
would surpass those of the caffein day, simply as a result of further 
practise, and the general effect, when the practise effect is so con- 
siderable would not be distinguishable from the irregularities of a 
nonnal practise curve. Comparison of calculated with actual records 
will be consequently less significant than in the other tests, where 
the practise effect, after the preliminary week, is but slight. The 
three intensive days, however, occurred at a level of practise sufS- 
ciently uniform to yield most unmistakable and consistent results. 
For the sake of completeness and comparison the results of Experi- 
ment A are given, in spite of their relative ambiguity. 

ExPKBnaoTT A 
Tables LVI.-LIX. show, for Squads I., III., and IV., the com- 
parison of calculated with actual records, computed as in the case 
of the Tapping Test, Chapter 17. Table LTI., for the control squad, 
shows balanced differences at 10:00, 12 KH) and 3:10. At the 5:30 
period, after sugar doses, the pseudo-eaffein days show slightly lower 
records. The morning trials on pseudo-eaffein da^ are longer, so 
that if this squad had really had caffein (instead of sugar doses 
daily) one might be tempted to infer stimulation after the caffein, 
followed by retardation on the following morning. For Squad III., 
taking doses of caffein at lunch hour on alternate days, the caffein 
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94 INFLUENCE OF CAFFEIN ON EFFICIENCT 

records are superior at both afternoon trials, except for 1 gr. doses. 
If this be taken to indicate stimulation there is no evidence of any 
sort of after effect on the following days. The morning trials do not 
differ from each other in any consistent way. The records for Squad 
IV. show no differences between caffein and control days for the 
trials after the doses. There Is absolntely no evidence of stimula- 
tion so far as the figures are concerned. At 10:00 and 12:00 the 
signs of difference are all — , but the amounts are small. Perhaps 
the only conclusion to be safely drawn from the table is that there ia 
no evidence of any deleterious caffein ^ect. Table LVII. gives for 
Squad II., for each of the five trials, the average performance on 
the various types of days. The g^ieral tendency (see Sugar days) 
is for the morning record to be slow, for the 10 :00 and 12 :00 records 
to be good, while the afternoon and evening trials return to the 
poorer level of the 7 :45 test, or indeed are slightly inferior to that 
record. The records after 1 gr. of caffein show no departure from 
this tendency. But, after 2, 4 and 6 gr. doses at 10:30, there is a 
consistent tfindency for the 3 :10 record to improve rather than to 
fall. In fact after 2 and 6 gr. the 3 :10 trial produces the best record 
of the day, and after 6 gr. the normal fatigue is clearly relieved, 
the usual falling off not coming until 5 :30. All the evidence of this 
table, as of the preceding to a less degree, goes to suggest stimula- 
tion as the characteristic effect of caffein on the calculation test. 

TABLE T.Y 

Calcolatiok. Squad I., EzpKUKXirr A 

Batio between perfonnanee aftar doee to perfonnBnee before doH 

Sal4. Contnil Daj* U.V. 



1.044 
l.01» 
1.097 
1.0H 



Avenge l.OSl .047 1.067 



.002 



The tendency of the caffein influence to be obscured hy the prac- 
tise effect, in this test, is much reduced when the standard of per- 
formance is taken to be the average record made before the dose, on 
any given day, rather than the corresponding records of other days. 
Tables LX.-LXIV. give tlie results for all squads, when this method 
of measurement is adopted. The ratio of the records after the dose 
to those before the dose, when these ratios for control days are com- 
pared with the ratios for caffein days, will afford a general view of 
the effect of the dose on the total afternoon's woric. The only defect 
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of this method is that it (ifiTeB no inlonnation as to the time rela- 
tions of the drug influence, which infonnation most come from the 
application of the preceding method and from the resolta of the in- 
tensive espeiiment. Table LX. gives the results of the control 
aqnad, computed by this ratio metiiod. The two rati(» (for control 
days and for psendo-cafFein df^) are practically identical, such dif- 
ference aa is present (0.006) being in favor of the control days. 

TABUS LXI 
Calculation. Squad II., Expibuixht A 



k.:;;;^ 


1I.V. 


lOr. 


II V. 


J Or. 


1I.V. 


*Qr. 


M.V. 
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At. — C»f. 
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.031 
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.017 


.SS2 
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1.017 


.013 


.936 
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.962 
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.982 .1 
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.116 
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.890 
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.046 


.939 


.986 — .e 



TABLE T.ltTT 

Calculation. Squad n., EirtaimNi A 

S:30 rerardB eomparod nith average record before dose 

CoDtral Car. CoDt At. 

Salj. AT«nf« M.T. 1 Or. U.T. 1 Or. M.V. 4 Or ILY «Or. At. -CpJ.At. 

S 1.1S4 .068 1.024 .040 .987 .043 1.060 .067 1.086 1.086 — .OOS 

12 1.006 .080 .906 .060 1.063 .130 1.013 .026 1.015 .099 —.006 

IS 1.026 .101 1.266 .240 1.026 .OSS 1.168 .123 .976 1.106 +.081 

Av. IMS .OM fOM ini IMS ioM foTO !o68 fffiS UMO —.009 

Squad II. (Tables LXI., LXII.) yields, for ^e total range of 
doses, an aven^ stimulation of 2.2 per cent, for the eariier testa. 
The slightest subject (No. 8, 144 lbs.) averages 5.7 per cent, while 
the other two (160 and 175 lbs.) show only a slight influence, No. 12, 
in fact showing no difference at all between the control and the 
caffein averages. By the time of the 5:30 record (Table LXII.) the 
balance of stimulation is only .9 per cent., subject 13 being poorer 
on caffein days. The greatest stimulation, with this squad, comes 
from the 6 gr. dose. 

The tliree individuals of Squad III. all show stimulation. This 
effect is greatest for subject 9 (130 lbs.), less for subject 3 (159 
lbs.) and still leas for the heaviest subject, No. 14 (193 lbs.). The 
squad average is 2.1 per cent, stimulation for the total range of doses, 
and the stimulation does not appear until after the dosee larger 
than 1 gr. 

Squad IV. yields an average stimulation, for all doses, of 1.9 per 
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cent. The greatest stimulation is shown by subjects 5 and 6 (aver- 
age weight 115 lbs.). Subjects 10 and 11 (average 133.5 lbs.) 
show somewhat less stimulation, while the heaviest individual, sub- 

TABLE T.TTTT 

CALcni^Tioti. Squad m., ExpisiiaNT A 
Batio between perfonumu after doM to perfonnaiiee before doM 

CaOUn tHf. BM«. 
Con(.and' 
CM. 
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TABLE LXIT 

CaiiOULATiom. Squad IV., ExpmifEHT A 

Batio between perfonnanM after doee to perfonnanee before doae 

Dlf.BMi 
CDDtnl CaMa Cunt. umI 

Atbm* H.V. I Or. IGr. IQr. tOr. < Gt. Ancaf* C*f. 

1.012 .064 1.0S9 1.038 1.060 .973 .893 

1.048 .069 .966 .020 Abeent 

LOM liooi f013 Ml .803 .082 — .03i 

1.060 .040 1.020 1.0 
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1.074 .060 .971 1.042 .092 1.007 +.003 
1.019 .044 1.021 .989 1.008 .994 .994 1.000 —.010 
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ject 16 (weight 174 lbs.), shows hardly any influence at all (^ per 
cent in favor of the control days) . As in the ease of Squad III. the 
greatest stimulation comes from the larger doses. 

The mere suggestion of stimulation resulting from the previous 
method of treating the data, is thus not only most clearly confirmed 
by this second method, but the influence of body weight on the mag- 
nitude of the caffein influence is again made apparent. So far as 
this tait is concerned there is no indication that the effect varies 
with the time of d^ nor with the conditions of administration of 
the dose. 

ExPERDIENT B 

The correctness of these conclusions is amply proven hy the re- 
sults of the three intensive days (Experiment B) given in the fol- 
lowing curves. The first set of curves show the records for the con- 
trol squad (I.) which ran for the first two days (March 3 and 4) on 




*/ / 2 3 i^ J" . 6it7 f 9 /o f/ /J. /3 /^ /i; 
Fio. 84. Calculation Tist. Ezperinuot B. Squtd L (Control.) 

sngar capsoles. The cnrves for these two days are thoroughly repre- 
sentative of the normal tendency \a fatigue in the calculation test. 
The amount of this f&tigne rises to about 20 per cent, at the close of 
the control days. But on the third day (March 5) this squad re- 
ceived 3 gr. of caffein (capsule) after the 6th trial and 2 gr. more 
after the 12th tnal. Up to the time of the first dose the normal 
fatigue tendency is deariy showing itself again. But at th^ 9th 
trial, 2.25 hours after the dose, this fatigue tendency is seen to be 
counterbalanced by a stimulation which carries the curve downward 
instead of upward, the aubsequent records being considerably su- 
perior to those of the earlier trials. After the 2 gr. dose late in the 
evening, the record equals that of the best of the morning trials. 
Nothing can be said concerning the after effect of this stimulation 
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in the case of this squftd, since this was the last day of the intensive 
experiment. That there is still a practise effect on the test as a 
whole is indicated by the tendency for the general level of the curves 
to drop lower and lower on successive days. This tendency is, how- 
ever, by this time so slight that it is quite insnfScieiit to obscure the 
caSein effect. Within a given day the normal tendency is fatigue 
rather than practise. 

Squad II., on March 3, shows the characteristic fatigue curve be- 
ginning. After the 6th trial the dose was taken (1.2 gr. caffein with 
syrup and carbonated water). After the 7th trial (45 minutes later) 
the curve falls instead of continuing to rise, subsequent records be- 
ing superior to any made before the dose and the final level being 
much lower than that of the morning. On the following day 
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Fia. 29. Calcuutioh Tist. Ezperimait B. Squad II. (Solntion.) 

(March 4, sugar dose after 6th trial) there is no sign of disastrous 
after effect. On the contrary the curve starts out on a level some 
10 per cent, lower than that of the previous morning. This is, with- 
out doubt, simply the general practise effect which is present with 
all the squads. The curve for this second day, however, contrasts 
with that of March 3 by following the normal fatigue course so 
clearly demonstrated in the case of Squad I. In spite of the 10 per 
cent, superiority of the morning performance the afternoon and 
evening woi^ is hardly better than that of the day before. On the 
3d day (March 5) the normal fatigue curve begins agun. This time 
the dose was once more a syrup with caffein. After the 8th trial 
(1.5 hr. after the dose) the curve sweeps downward at a most sur- 
prising rate, a stimulation of about 16 per cent, being present on 
the very last trials of the day, over 6 hours after the dose. 

Squad III. (3 gr. caffein capsule March 3, sugar thereafter) 
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shows the same sort of influence. The control days afford fatigrne 
curves of quite the normal shape, but the caflFein curve fails to rise 
to the liame degree as the day progreBSes, the best record of the day 
being inade lat« in the afternoon, 3 hours after the dose. No after 
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Fia. 26. Calculation Tibt. EzpeiimeDt B. Sqn&d III. (3 gr.) 

effect is observable. The general levels of the carves fall slightly 
from day to day, probably due again to simple practise effect. 

If the effect of the 3 gr. caffein dose on Squad III. is obvious, the 
results of twice that amount on Squad IV. are doubly apparent 
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Fio. 27. Calculation Test. Eipariment B. Sqaad TV. (0 gr.) 

The 6 gr. dose was taken after the 6th trial on March 3. At the 9th 
trial, 2.25 hours after the dose, the record has fallen to 6 or 7 per cent. 
below the previous level and remains there for the rest of the day. On 



Cymzsd.yLjOOgle 



100 INFLDBNCS OF CAFFBIN ON EFFICIElfCT 

the following mommg, presumably as the result of general practise, 
the eorve begins at about 10 per cent, lower than on the first day, grad- 
ually rising to show 8-10 per cent, fatigue by the time of the doae 
(sugar). But instead of falling off now, as did the caffein curve, 
the level continues to rise until the fatigue amounts to about 13 per 
cent. The afternoon and evening records of this aecond day are not 
superior to those of the caffein day preceding, in spite of the 10 per 
cent, advantage with which the day's work began. The second con* 
trol curve (March 5) follows the familiar course of fatigue, the late 
records of the day being 15 or 16 per cent, inferior to those made 
earlier in the day. 

EXFEBUKNT C 

The results of Experiment C, in which the doses were admin- 
istered solely in liquid form, before each of the afternoon tests, are 
given in Table l^XV. In order to show any possible individual dif- 
ferences the results are given separately for each subject. The aver- 
age of the forenoon trials is taken as the norm for the day's work. 
The average of the two trials following the doses is compared with 
this norm, the table giving the afternoon average in t«rms of per 
cent of the norm for the corresponding day. 

TABLE LXT 

CilJCUhimOK. EXfEKtlUNT C 

Qiving perfoimaiica after dose, in pei cent, of work b«fon dOM 

Snl^Mt 1 > IT S 9 10 11 13 It U IS Anns* 

2 bluik 103 104 86 100 106 101 102 103 97 8» 108 105 lOO.O 
days 104 101 08 111 106 108 101 IIJI Aba. 124 lOS 112 107.2 

At. me Tom m losis m IoTb im Tw 97 iow iow ioiJ 103.6 

2 BTTup 106 107 96 102 107 104 W 106 M 00 102 W lOI.O 
daTB 106 101 100 112 06 107 111 OS 107 OB 90 S» 102.0 

Av. 106 To4 ~M io7 ioTb i«L» m ms Toi 97 Tooii » loTi 

1.2 gr. caf. 107 06 100 104 107 100 101 100 09 01 100 109 101.0 

3.6 gr. caf. 104 08 80 104 99 105 00 04 100 106 02 BO 90JS 

6.0 gT. caf. 07 lOfi 93 04 117 106 100 102 Abs. 122 108 90 103.1 

Caffein At. IMJ ^07 ~M lOo!? IOtJ mi 100 ll? ~W£ foo 100 Tm.S loU 

On the blank days (no dose) the fatigue tendency amounts to an 
average of 3.6 per cent, for the two days, a much lower figure than 
was obtained in Experiment B, where there were 15 performances 
daily instead of 5 as in the present case. Only with two of the 
twelve subjects is there increased rapidity instead of fatigue. On 
plain syrup days the average performance shows slighter fatigue 
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(1.5 per cent.) than on blank days. In 10 of the 24 records tiiere is 
ahsolate stimol&tion. Comparing, in the case of each individoal, the 
RTnip average witli the average for the blank days, thns securing a 
meaaore of relative ^ect, a relative stimalation cif 2 per cent, or 
over is fonnd in 5 cases, bat in the same number of cases the oppo- 
site effect ifi foond. The plain syrap seems on the whole to quicken 
slightly the speed of performance. 

The 1.2 gr. caffein dose yields an average record but .5 per cent, 
better than the plain syrup, or 2.6 per cent better than the record 
for blank days. Such abeolute fatigue (1 per cent.) as is present is 
due to the four individuals, 1, 7, 8 and 15, all but one of whom were 
retarded by the plain syrup doses, both abeolutely and aa compared 
with blank days. 

The 3.6 gr. dose results in an absolute stimulation of .5 per cent, 
a record 4.1 per ceni;. better than that secured on blank days. The 
only exceptions to this stimulation are again subjects 1 and 7, along 
with 9 and 13, all but one of whom (13) showed retardation after 
plain syrup doses. After the 6 gr. dose the average amount of 
fatigue (3.1 per cent.) is only .5 per cent leea than the av«age for 
blank days, and is greater than that after plain syrnp, 1.2 gr., and 
3.6 gr. of caffein. Subjects 3, 8, 9, 13 and 14 ahow eonsiderabte ab- 
solute retardation and also relative retardation as compared with 
either the blank days or with the sugar days, although of these aub- 
jects 3, 8 and 14 had shown stimulation from smaUer doses. Sub- 
jects 1, 4, 7, 10 and 15 show, on the other band, conuderable stimu- 
lation, both absolute and as compared with blank and syrup days. 
In fact, if the records of subjects 8 and 13 be omitted, the average 
performance for the squad after the dose is only 100.3 per cent, of 
the normal. The calculation test apparently affords instances of 
individual differences which may be taken up with profit in an ap- 
propriate place. It should be remembered that the 6 gr. of caffein, 
in this Experiment C was taken along with 5 ounces of the heavy 
syrup and two glasses of the carbonated vraier. This is much more 
syrup than was taken on plain syrup days. It would not be at all 
surprising if such a large amount of the syrup and water would fail 
to produce the sensory and psychic stimulation found when more 
agreeable amounts are taken. 

SUUMABT 

The results of all four squads in Experiment B are thus found to 
confirm the suggestions of Experiment A. All squads reveal a most 
pTononnced stimulation following caffein. This stimulation amoonts 
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to a considerable per cent, of the initial performance, whereas the 
normal tendency, on control days, results in a corresponding degree 
of fatigue inatead. The atimulation begins about 1 hour after the 
dose, when the caffein is taken in solution with symp and carbonated 
water, and 2.25 to 2.5 hours after when the dose is in capsule form. 
The effect is still present at the close of the day 's woi^, 6-7 houn 
after the dose. No evidenee of any secondary depression is found. 
Instead the moming after the dose shows, without exception, a clear 
improrement over the woi^ of the preceding moming. As pointed 
oat above, it should perhaps be concluded that this auperiori^ is due 
to general practise in the test. But it is interesting to find that this 
general practise effect, if such it be, is much greater after the caffein 
day than on the day following the sugar dose only. Another enrious 
thing about this result is the further fact that the practise improve- 
ment, at least so far as the record shows it, seems to come during the 
night intermission, between the series of trials. The normal tendency 
at successive trials on the same day is fatigue rather than increase 
in speed. In fact there is considerable justification for sopposing 
that the influence of the caffein dose, which is seen to be unmistak- 
ably present 6 or 7 hours after administration, is still operative on 
the following day. This operation might be in the form of a real 
persistence of stimulation or in the form of increased efficiency due 
to skill or disposition acquired during the stimulation of the preced- 
ing day. The former hypothesis would not be inconsistent with the 
data available concerning the length of time caffein may remain 
in the system after ingestion. If this be taken to be a real persist* 
ence, one is at once interested to know why the effect on motor proc- 
esses seems to be so much more transient than that manifested in this 
more strictly mental performance. The results of Experiment A, 
when computed by the ratio method, afford further evidence of the 
fact that the magnitude of the caffein influence varies inversely with 
the body weight of the individual tested. 
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CHAPTEK XI 

The Intldkncb of Cafpbin on Discbiionation and Choice Re- 

ACnOK TlHBS 

Ik this test the average of 10 correct reactions to the blae disc 
was taken as constituting tbe record for a given period. Reactions 
to the red disc were recorded oitly as being lai^r or smaller than a 
stated magnitude. Since these red exposures served only as control 
stimuli and varied in number from test to test, they are of no par- 
ticular interest or value. The reactions to the blue disc were meas* 
ured in sigma, the mean variations of the 10 trials were computed, 
and the number of false reactions at each sitting noted. 

EXFEEIUENT A 

In Experiment A, on February 13, at the 10 :00, 3 :10 and 5 :30 teste, 
an accident to the instrument rendered the reactions invalid. Hence 
for those three periods the records of the preceding day of the same 
type (1 gr. caffein) were substituted in computing the averages and 
in comparing actual with calculated records. Tables LXVL- 
LXXIII. show for all squads of Experiment A the resulte from the 
point of view of discrimination time. 

Squad I. (control) shows, as is to be expected, only chance dif- 
ferences between the control days and the paeudo-oaffein days. For 
all hours of the day the differences between actual and computed 
records are divided in sign between ,+ and — , in a random way, and 
the magnitudes of these differences are in most cases small. 

Squad II. shows, on eontrol days, at Qie trials after Uie sugar 
dose, a reaction time uniformly 92 per cent, of the daily normal 
(average of the two trials preceding the dose). For caffein doses of 
1-4 gr. the reactions after the dose are considerably slower as com- 
pared with control days, ranging from 96 per cent, te 104 per cent, 
of the morning performance. In the case of the largest dose (6 gr.) 
this reterdation is not present, the trials after the dose being 90 
per cent, as quick as those before, an average which quite resembles 
that of the control days or is even a little better, suggesting stimula- 
tion instead. The general character of the caffein influence seems to 
be retardation except for the large dose. This squad took caffein 
on three successive days at 10 :30 a.m., in each ease the caffein trio 
being followed by a corresponding nomber of control days. 
IDS 
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In the case of Squad III., taking dose with loneb on alternate 
days, the 3:10 test, 2 hours after the dose shows no consistent dif- 
ferences between caffein and control days, except a strong sugges- 
tion of stimulation from the 6 gr. dose (difference + 25). This re- 
salt is in line with the lack of retardation from 6 gr. in the case of 
Squad II. Indeed, in the case of that squad also, tile record after 
6 gr. was slightly better than on control days (90 per cent, of tiie 
morning average as compared with 92 per cent. ) . At the 5 :30 period, 
in the case of this Sqnad III., all but one of the signs Are — , de- 
noting slower reactions on caffein days, the differences decreasing in 
toagnitade with the larger doses, quite confirming, again, the results 
from Squad II. At 7 :45 on the following morning the differences 
are (except for the smallest dose) very smsll (never over 5.5 sigma), 
and the signs balance. At 10 :00 and 12 :00 again there is no consist- 
ent difference between the two types of days. If there is any after 
effect at all here, it is a tendency to continued retardation from the 
amall doses and possibly toward stimulation from the large dosra 
which had on the previons day scarcely any effect. In general this 
squad suggests a retardation about 4.5 houn after the dose, with no 
clear evidence of after effect. 

Squad IV., taking the dose on empty stomach in mid afternoon, 
shows at 3:10, dear evidence of stimulation for all doses. But by 
5 :30 tills effect hss given place to such retardation aa that found in 
the case of Squad III. The amount of this retardation, as also in the 
case of Sqnad III., decreases in amount with the lai^er doses. On 
the following morning the small doses, which had produced retarda- 
tion on the preceding evening, seem to show a persistence of this 
effect. The larger doses, which made but little difference at the 5 :30 
trial, show no clear effect on the following day. The retardation for 
small doses is still present at 10 :00 and 12 :00. The general effect 
of the caffein on this sqnad seems then to have been an initial stimn* 
lation, followed by retardation for smsll doses and by balance for 
lai^ doses. This effect is still present during the following fore> 
noon. The large dose seems to prodnce so mneh initial stimolation 
that the subsequent retardation which characterizes the smaller 
doses is absent. The same thing was found in the case of Squad III. 
In both these squads, when retardation is present, it decreases in 
amount for the lai^er dose, and when stimulation is present the re- 
verse relation is the case. The only difference between Squad III. 
and Squad IV., in Experiment A, consists in the absenoe of the 
initial stimulation from small doses in the case of Sqnsd III. Both 
these squads agree with Squad II. in showing retardation from 
amall doses bnt not from large. 
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If DOW the standard of comparison be taken to be tbe performance 
before the dose, rather than the corresponding records on other days, 
and the comparisons be presented in the form of ratios, the results 
presented in Tables LXXiy.-LXXVIII. are obtained. In the case of 
the control squad (Table LXXIY.) two subjects show relative 
saperiority for the control days and two for the psendo^affein days, 
the sqnad average being 1.7 per cent in favor of the control days. 

TABLE T-TCTTfV 

DiscBDOHATioii. SqttAo I., Exfbbdunt a 

B«tiM of reMtioo tim« after dom to tiiiiM before doee 

PModa-Cir. 
BaU. Control At. H.V. At. H.V. 

1 M» .OSS IMt JOSS 

4 1.036 .038 1.022 .037 

7 1.0S» .071 1.014 .ODS 

IS 1.020 .087 1.120 .0S2 

Average 1.0S8 .M8 iMS .OU 

TABLE LXXV 

DiscmimATioN. Squad II., Ezpebiuknt A 

Batioa of tiraei after doM to timet before doae. 18:00 and 3:10 

ODDtiol CaCUn 

Bat^. ATina* M.V. IGr. H.V. lOr. U.T. (Qr. H.V. SGr. AT. Dir 

8 I.OIS .047 .946 .070 .080 .023 .004 .023 364 .»43 —.072 

12 .007 .080 .«3B .040 1.063 .027 JI7S .017 .928 .970 —.023 

13 .MS .008 MS .080 .937 .033 .9i7 .047 .945 .938 —.017 
Ar. ^ ^ Isis Im Mt "mJ "mi lift .900 !9S2 —.087 

TABLE LXXVI 

DiscuHiNATiON. Squad II., ExpntimNT A 

Batio of the 9:30 record to record before doee 

Osntnl CUMi 

Bald. ATir«c* H.V. t Or. H.V. tOi. H.V. «0r. H.V. SOr. At. 1>U. 

8 1.018 .072 .086 .047 .907 .027 1.047 .067 .766 .940 —.087 

12 1.083 .048 .977 .077 1.076 .007 1.031 .053 .978 1.000 —.023 

13 .071 .087 .883 .017 .003 .053 1.034 .100 .980 .975 +.004 
Av. 1^ 'm» ImI !047 l!«2 ioio r037 !o70 5u IffS ^028 

Squad II. shows, at the 12:00 and 3:10 periods (Table LXXV.), 
stimolation for all caflein doses, the average amount being 3.7 per 
cent, and the effect being greatest far the 1 and 6 gr. amounts. At 
5:30 (Table LXXVl.) two of the subjects still show stimulation, 
while the third shows no stimnlation except fnnn the 1 gr. dose, the 
other doses being inferior to the performance on control days. Here 
again, in the sqnad averages, the stimnlation comes from the 1 and 
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6 gr. amoQDts only, the 2 and 4 gr. prodnciag retardation. In this 
case then, we have the only contradiction between the results of 
Experiment A as compated by the two methods. The first method 
gave, as the general effect of caffein on Squad II., retardation, ex- 
cept for the largest dose. The general suggestion of the present is 
stimulation. Since the two sets of results do not agree, we are un- 
able to draw any conclusion whatever concerning the discrimina- 
tion time for this squad. Whrai the dose is taken in the moming, as 
was the case with this squad, there is thus no clear indication of any 
caffein influence on the discrimination reaction time. At first 
thought one might expect the squad averages of Tables LXXI. and 
LXXV. to be identical, but it must be remembered that one is the 
per cent, of averages, the other the average of per cents. 

When the dose is taken along with lunch, as in the case of Squad 
III. (Table LXXYII.) the individuals do not agree. Subject 3 
shows retardation from small doses and stimulation from large. The 
two other subjects show hardly any ^ect whatever from small 
doses, but considerable stimulation (2.5 per eent. and 4.6 per cent.) 

TABLE LXXVn 

DlgCmOMATlOlf. SqVASt ni., EXPXKlltINT A 

Batio of iwoTda after doM to recordB before dose 

At. oti A*, or 4 
>od2 Or. kodtOr. 

Bnbi. Atw*w» 1>.V- lOr. IGr. I Or. 

1.018 .OSO 1.063 1.2M 1.117 1.02fi .QTS 1.174 

-1-.168 



1.063 


1.264 


1.117 


1.026 


.076 


1.160 


1.220 


1.044 


.974 


.946 


i.ioe 


1.242 


l.OSO 


.900 


.060 


1.072 


1.039 


1.034 


.981 


1.000 


.972 


.07* 


.900 


.094 


.gsi 


1.022 


1.000 


1.016 


.997 


.980 


1.013 


.977 


.084 


1.036 


.911 


1.021 


1.010 


.986 


.963 


.960 



1.017 .993 
1.048 1.081 



1-049 



from larger amounts. Although the squad average shows retarda- 
tion from small doses and stimulation from large, the behavior of 
the individuals making up the squad suggests very strong^ that 
when the substance is taken at meal-time the retardation which is 
otherwise likely to be present tends to disappear. 
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The results for Squad IV. are thoroughly consistent with the 
coQcIusioDS previously drawn. The squad average shows a retarda- 
tion of 3 per cent, from 1 to 4 gr. doses, and a stimulation of 4.1 
per cent, from 6 gr. The individuals all conform to this rule, with 
the exception of the heaviest subject (No. 16, 174 lbs.) who shows 
stimulation from all but the 3 and 4 gr. amounts. Two of the indi- 
viduals, subjects 6 and 10 (weights 125 and 157 lbs.) get stimola- 

TABLE LXXVin 

DiSaUMIHATIOH. SQtIAD IV., EXPBBIUBHT A 

Batio of r«coTda after doM to Tecorda before dOM 



AlHDUr.bMw.TliaM 

ud Control Ato>i* 

1.0S3 .900 

^..Oea —.034 



1.142 


1.034 


1.000 


1.038 


.069 


1.007 


1.063 


.979 


1.084 


f 


1.074 


1.048 


.089 


i.oeo 


.9S9 


1.100 


1.087 


1.110 


1.024 


.930 


1.033 


i.iia 


1.00S 


.917 


1.018 


Lose 


1.101 


1.060 


.970 


.976 


1.080 


I.IOS 


.053 


1.012 


.966 


.003 


1.009 


1.073 


1.000 


.999 


1.037 


1.102 


1.013 


1.006 


.982 


1.002 


1.046 


1.0S4 


.917 


.92» 


1.139 


i.ioe 


1.037 


1.081 


.943 


1.100 


1.076 


1.04S 


1.014 


.934 


.980 


.007 


1.020 


1.080 


1.019 


.901 


.091 


1.019 


1.029 


.000 



1.080 
+.074 



1.037 
-1-083 



1.027 
+.021 



.949 1.020 1.004 .084 
1.066 1.026 1.020 .067 



-.041 



tioQ from the 4 gr. dose. In the squad averages retardation is pres- 
ent np to the point of the 6 gr. dose, which yields stimulation. The 
amount of retardation, further, decreases with increase in amount 
of the dose, from 5.2 per cent, for 1 gr. and 5.5 per cent, for 2 gr. to 
2.5 per c«it. for 3 gr. and 2.0 per cent, for 4 gr., being transformed, 
at that point to stimulation for the 6 gr. The magnitude of the ef- 
fect is again dependent on the body weight of the individnals, and is 
greater for subjects 5, 6 and 11 (105, 125 and 110 Ibe.) than for 
subjects 10 and 16 (157 and 174 lbs.). 
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EXPEBDIBNT B 

The results of Experiment B are given in the following curves 
2$-31. In this experiment special care was taken to keep the illumi- 
nation of the room constant (s factor which had been somewhat 
variable in Experiment A.) All the trials were made in a room arti- 
ficially lighted by nsing gas mantles which gave a fairly pure white 
light. 

Sqnad I. (control, sogar first two days, caffein third day, dose 
after 6th trial) shows on control days, only a slight inclination 
toward inferior reactions in the latter part of the day. After the 
caffein dose (3 gr.) on the third day, there is possibly a slight retar- 
dation late in the evenii^, bnt this retardation, if present, is not 
constant, for it shows at only two or three of the trials. The final 
records of the day and the majori^ of the trials after caffein are as 
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good as those on control days. Examination of the individual rec- 
ords, which have been platted out in the same way as the sqnad 
averages here shown, confirms these resolts thronghont. No indi- 
vidoal shows any clear indication of caffein influ^ice. 

In the case of Sqnad II. the caffein A&yi are marked by great ir- 
regularity, bnt this is present before as well as after the dose, and 
is dne chiefly to the variable records of Subject No. 11. This irreg- 
ularity renders any inference uncertain. The control day yields a 
fairly uniform set of records. Ahont all that can be said of this 
sqnad is that in the trials before the dose the reactions on caffein 
days happen to be slower than those on the control day, during the 
corresponding period, but that in the evening, when all three curves 
setUe down to uniform levels, the caffein days are in no way inferior 
to the control day. There is here a bare suggestion that some 3-5 
hours after the dose the result of the caffein is to counterbalance the 
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inferiority with which the days began, bringing the initially higher 
caffein curveB to the same level as that of the initially superior con- 
trol day. That is to say, in so far as the curves show any caffeiu 
inflnence at all, the iudicatioBs are of stimolation some 3-5 hours 
after the dose. Any earlier ^ect, if present, is obscnred by the 
original irregnlarity of the records. Examination of the individual 
records of the subjects throws no new light on the matter. 




DiscKiuiNATiON Tins. Ezperimait B. Squad II. (Solution.) 



The cnrves for Squad III. follow a very regular course. On the 
first day (3 gr. caffein after 6th trial) the curve rises after the dose 
to a level some 20 sigma slower than that maintained before the dose, 
si^gesting initial retardation. This effect, as it shows in the individ- 
ual records, is clearly present with subjects 6, 8, 12 and 16, and is 




Trt'W / Z 3 ¥ S iih'T $ 9 /a // /3, /3 /¥ /i- 
Tm. 30. DiBOBnoNATiON Taa. ExpeTiment B. Sqnsd m. (3 gi.) 



more pronounced and persistent in tJie ease of 6, a woman. After 
4.5 hours the curve falls to a level quite equal to that of the prcMjaflein 
period. This is true for all the individuals except Subject 6, while 
Subject 12 shows considerable absolute stimulation as compared with 
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the morning performance. On the morning after the caffein day the 
curve nms congtantl? lower than on the preceding day, until abont 
the time of the dose. This is trae for all the individaals except Sub- 
ject 6 in whose ease the records of the second morning are not so 
good. For subjects 8, 9 and 12 the superiority is considerable, aver- 
Bgiog about 30 sigma. From this point on the curve rises gradually, 
showing the normal slight fatigue effect already seen in the case of 
Squads I. and 11. This is true of the individual records of all five 
subjects in the squad. There is no evidence of the apparent stimu- 
lation of the preceding day after the 12th trial. These late records 
are the poorest of the day. On the last day (again a control d^) 
the curve shows little change throughout its course. Except for two 
slow reactions during the early trials the whole curve follows a 
uniform level. This is true for the individual curves of all but aub- 

Si am* 

I I I ( I I I. I ) I < » t I I 
7?w/. / i. 3 V J- t:ff-7 f f yf // /J. /3 /¥ /4- 

FiQ. 31. DiscuxiNATiON Tim. Eipwiment S. Squad IV. (6 gr.) 

ject 8, in whose case the curve drops in the latter part of the day. 
If there is any caffein effect on this squad it is but slight, and that 
effect would seem to be an initial retardation followed by stimula- 
tion. There is certain evidence suggesting that this stimulation is 
still present on the following day. The evidence in this case is slight, 
however, and similar facts (the relative levels of the various morning 
curves) might lead one to infer retardation on the second morning 
after caffein, 45 bonis after the dose. This result would, of course, 
seem quite improbable. But the persistence of caffein influence over 
80 great an interval as 24 hours is again found in the case of Squad 
IT., was also suggested in the results of Experiment A, and was 
cleariy found in the case of the Calculation test. There can be 
little doubt that it is a genuine ^ect. 

The curves for Squad IV. resemble in every respect those of 
Squad III. The control curves, March 4 and 5, show the familiar 
slight tendency \a fatigue as the day goes on. AH three subjects 
agree in this respect. But on the caffein day the part of the curve 
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representing the last three honis sweeps consistently downward, as 
did that of Squad III. This again is true for all tliree subjects. As 
in the case of Squad III. again, this stimulation is apparently pres- 
ent on the following morning, the reactions there being the quickest 
made during the experiment. This is strikingly true with subject 
14 and quite clearly so with subject 10. For the tiiird subject, No. 
3, the difference does not appear. As in the case of the third squad, 
the exception is the woman. If this is a genuine persistence of stim- 
olstion the low level of the curve at this time will of course bare 
something to do with the general fatigue effect shown on this con- 
trol day. The normal amount of fatigne will be OTereetimated some- 
what and will appear more accurately on the 3d day, where it is, as 
a matter of fact, somewhat less conspicuous for all three subjects. 
There is no evidence of secondary depression following this stimn- 
lation. The subsequent trials on this second day are in no way in- 
ferior to those of the o&er control day. This squad took their dose 
(6 gr.) after the 6th trial on the first day. 

The results of Experiment B are then thoroughly consistent with 
those of Experiment A. In the latt«r experiment, the retardation 
which was so clearly present, was produced by the smaller doses 
only. The initial retardation after 3 gr. doses was very slight. 
After 6 gr. doses there is no indication of retardation whatever, but 
on the contrary a veiy slight tendency to stimulation or else no effect 
whatever. When the stimulation was present it was found persisting 
on the following day, as was the retardation from the 1 and 2 gr. 
dosea 

EXPBBIHBNT C 

The records for Experiment C are given in Table LXXIX. In 
this experiment the dose was given in syrup form, only 15 minutes 
before the trial. But Experiments A and B agree in showing no 
effect on the discrimination reaction time until several hours after 
the dose. Quite in harmony with this result is the fact that in Ex- 
periment C there is no clear difference shown between the three 
types of days, the blank days, the plain syrup days and the caffein- 
, ated syrup days. The table presents the results for each subject, the 
figure meaning in each case the ratio between the average perform* 
ance aft«r the dose to the average performance before the d<»e. 
The table also gives the squad averages for each day, as well as for 
the various t^pes of day. There is evidence of a very slight amount 
of sensory stimulation (not over 1 per cent.), and in this respect the 
caffein days differ not at all from the plain syrup days. As has al- 
ready been pointed out in the case of some of the other tests, sen* 
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aory stimulation affects motor performance much more than mental 
performance, and since the caffein effect on mental performance ia 
also slower than that on motor processes, Experiment C fails to yield 
any result whatever. 

With the idea of investigating the effect of caffein on the accu- 
racy and constancy of the process of discrimination involved in this 
test, record was kept of the number of false reactions on the part of 
each subject — reactions on the "blue key" when the stimulus turned 

TABLE r.XXTX 

DlSCXnUNATION. EXFIXIUXHT C 

GiTing for each subject the ratio of the avengo perfoirii&iice after the dose to 
the areroge performance before the dose. Over 100 means fatigue 

Bablwt 1 S 4 T 8 « 10 U U U 14 U At 

Blank 103.1 H.8 101.2 104.8 09.1 95.4 

dtL^S lOl.Z 100.8 105.T 116.7 107.9 10Z.6 

Av. ^00.7 

Bttdp 107.9 102.4 08.2 8S.T lOT.S 103.3 92.1 100.6 100.9 96.9 91.4 93.2 9S.S 

days 08.1 96.8 lOl.S 00.1 107.1 108.8 0B.8 94.0 110.7 110.7 102.1 OS.O 100.5 



1.2 gr. eaf. MA 9S.3 102.3 100.9 93.« 08.3 98.0 M.4 87.3 02.1 104.0 94.8 06.4 
3.6 (p. eaf. 114.7 101.2 100.1 103.0 101.7 9G.1 100.3 B0.6 100.C 100.6 100.9 123.7 103.0 
6 gr. eaf. 101.6 96.0 97.7 87.9 97.7 103.3 08.3 07.0 abeent 94.4 106.3 102.9 98.7 



out to be really red and reactions on the "red key" to the blue 
stimulus. Table LXXX. gives a summary of these records in Ex- 
periment A. The numbe)^ of false reactions was very small in the 
case of all the subjects. The table gives the total number of false 
reactions during the trials before the dose and the total number 
during the trials after the dose, for each subject, on both control 
and caffein days, with no attempt to separate the data according to 
the aze of the dose, because of the small number of false reactions 
during the month. The table gives also the ratio of false reactions 
after the dose to the number before the dose, for both sugar and 
caffein. The sqnad records are also computed, using the total num- 
ber of false reoctiona made by the squad, instead of the average. 
Squad I. shows no difference between the real control days and the 
pseudo-caffein days. The average ratio of errors after the dose to 
errors before the dose being 63 per cent, on one type of day and 62 
per cent, on the other. In the case of Squad II. (dose in forenoon) 
the caffein days are for all three subjects superior (after the dose) 
to the control days. It will be recalled that by one method of com- 
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TABLE T.yyy 

DlSCUUINATlOM. EXPZBIUXNT A 

Oiviug tbe total number of false TCActioua m&de bj eaeli tabject during 
Expetiment A, In the flrat eolunui under a given type of da^ are given the 
total number of false reaetlona in tbe trials preceding the dose. In the second 
column oeenr the total number in the trials after the dose, for both control and 
caffein daja. In the third column is given the ratio of the number of false 
reactions after the dose to that before. The •ubjects are assembled by squad* 
according to eharaet«r and time of the dose. 

CoDtrol D«T* CkflUn Daji 

BahfMt Bafeie After PwOmL Bafere AfMr Pa Oral. 

1 « 7 er.r is s so.o 

4 14 7 B0.0 11 7 63.G 

7 16 IS MA 16 7 46.6 
15 8 1 12.ff 6 7 140.0 

Squad L— Total 47 80 mIo 47 » "m^O 

8 « 21 231.0 14 10 71.4 

12 17 35 203.0 16 26 162.0 

13 15 10 126.5 10 24 IZe.O 



33.3 17 17 100.0 

76.6 22 9 41.0 

33.3 24 17 70.6 



Squad HL— Total 



Squad IT.— Total 



60.0 14 64.0 

26.0 6 3 60.0 

41.2 16 11 68.7 

67.7 33 28 86.0 

S6.G 27 IS 6G.7 



pntation this aqnad showed retardation for small doses and stimala- 
tioQ for large, while by aDOtber method it showed stimnlation for 
all doses at the earlier periods and retardation at a later period for 
medium doses only, the small and large amounts appearing to pro- 
dace stimulation. Our concluaion was that no consistent ^ect 
eould be made out on this squad. It is at least clear that the caffein 
did not produce increased number of errors. Sqnod III., on tbe 
other hand, showed, by both methods of compatation, retardation 
for small doses. And here the number of mistakes on the caffein 
days (after the dose) is seen to be greater by 40 per c^t. than the 
number made on control days. Squad 17., with similar caffein effect 
from the point of view of time, shows a caffein inferion^ of 16 ■p&r 
cent. Only one subject out of the eight in these two squads is an 
exception to this rule. 
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Table LXXXI. shows the nimiber of false reactions at each trial 
CD each of the three intensiTe days of Expeiimeot B. The upper 
part of the table gives the total number of false reactions made at 
each of the 15 trials by the 10 subjects comprising the various caffein 
squads. The lower part gives similar figures for the control squad. 
This table gives a good meaanre of the accurate with which these 
discrimiiiations were made, indicating the complete absence of 
guesses in the reactions. Out of a total of between 8,575 and 11,700 
reactions there were only 390 false reactions, about 4 out of every 
100. But caffein seems to have had no influence whatever on the 
number of these false reactions. Whetber the records after the dose 
are compared with those before the dose, or whether the caffein days 
are compared with control days, no difference whatever is found. 

TABIjB LXXXI 

False Buj^tions. Expkbiiibnt B 

The upper part of the table givea the total number of f bIm reaetiona made 

hj memben of the caffein aquade, and the lower pert those bj the control eqaad, 

at each trial on each of the three dsyi. Doee after the sixth trial 

CaBUn tqiud 10 mtJMti : IBD to ax> rMctlon* M Mub Irfil 

Trial 13 1 « 6 e T s ■ ID U 11 1) It IS 

Mar. 3 18 12 8 6 4 9 12 6 S e S I! 7 10 S 

Mar. 4 TeiO4479 13«S7S7 110 

Mar. 6 7 10 8474S69496878 

Control •quad S niliJMU: W to eo mctiniu tx wdi trial 



The significance of these facts is at once apparent. In Experi- 
ment A the squads showing retardation showed also a greater per 
cent, of false reactions. The squad showing no snch retardation 
clearly, showed no such increase in false reactions, but rather a de- 
crease. In Experiment B, in which there is no clear evidence of 
retardation the number of false reactions is found to be unaffected. 
To those familiar with tile conditions of the diacrimination reaction 
experiment, or to any one observing the behavior of subjects under 
the influence of caffein at such a test, it will at onee occur that the 
retardation found in the discrimination times is in all probabili^ 
an effect of stimulation. In such a teat stimulation is likely to lead 
to a fatal briskness in the fiist few reactions in a series, resulting in 
false reactions and in a subsequent voluntary caution as a measure 
designed to counteract these false reactions. Snch an ^ect would 
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appear in the records as a retardation in diseriminatioQ time. The 
retardation consequent upon small doses and the stimulation pro- 
duced by larger amounts, in this test, does not then point to any 
complexity in the character of the eaffein action. It seems much 
more likely that the effect is really stimulation for all doses, the 
amoimt perhaps increasing with the size of the dose. In the case of 
large amounts in the present experiment the great amoimt of stimn- 
lation produced combined with the fact that by the time these doses 
were given the subjects had had almost a mouth's practise in the 

table lxxxtt 
Vakubiuts. Ezpkkiunt B 
aivixkg tbe ftveiage variability of tlie iodividaala from tbeir own average in 
the 10 reaetiona ot a (^ven sitting. The table givee the eqaad averages for each 
trial on each of tbe three days. These M.T. 't are Been to be about 10 pet cent 
of the 'discriminatioD time. Dose after the sixth trial. Trials given eonseen- 
tivel; from 1 to IS. 



Mar. 3 


29 


87 


44 


40 


38 


32 33 30 


28 


44 


44 


34 


87 


47 


88 


Mar. 4 


30 


30 


S3 


38 


4» 


39 40 33 


48 


6» 


46 


48 


63 


30 


40 


Mar. S 


32 


30 


40 


62 


44 


47 02 48 


40 


67 


40 


62 


60 


40 


38 


Mar. S 


2« 


3S 


61 


38 


42 


37 60 38 


29 


33 


46 


34 


88 


42 


47 


Mar. 4 


48 


3S 


36 


44 


40 


S2 62 73 


60 


64 


40 


32 


60 


36 


46 


Mar. 5 


36 


42 


24 


41 


80 


64 46 61 


43 


68 


34 


46 


64 


41 


20 


Mar. 3 


£S 


27 


28 


27 


32 


SqDBdni 

27 28 36 


33 


37 


33 


24 


86 


86 


32 


Har. 4 


28 


40 


31 


34 


34 


37 40 80 


41 


87 


42 


48 


37 


46 


42 


Har. S 


34 


42 


88 


32 


46 


38 33 43 


80 


38 


36 


48 


38 


31 


29 



Mar. 8 20 17 24 36 30 38 42 24 30 41 38 26 20 20 34 
Mar. 4 34 33 26 31 28 27 29 33 31 82 23 27 63 20 28 
Mar. 6 32 32 38 33 SO 28 38 27 8» 38 S3 32 30 37 26 

test really led to accelerated reaction times. A similar explanation 
no doubt is at the bottom of the retardation produced by large doses 
in the case of the three-bole (coordination) test and the typewriting 
test. 

Up to this point nothing has been said of tbe variabilities of these 
discrimination times. It has not seemed worth while to give these 
variabilities in full, because of the large amonnt of spaoe that would 
be required. But in order to give some notion of tiieir mognitade 
Table LXXXII. has been compiled. Each record in this table is 
the average of the M.y.'s of all the subjects in a given squad at a 
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stated test. The 10 trials on the part of each individual were aver- 
aged. The M.V. of this individual average was computed. This 
was done for each individual in the aquad. The average of these 
personal M.V. 'a, at each teat on each of the three intensive days, is 
the record to be found in Table LXXXII. Since the diserimination 
times range between 300 sigma and 400 sigma, the M-V.'s are in the 
long ran about 10 per cent, of the discrimination time. This per 
cent will serve as an approximate statement of the vsriability of the 
averages discussed in the preceding paragraphs of this chapter. The 
variability does not ae&a to be in any way influenced by the cafFein 
doses. The general tendency is for the variability to increase some- 
what as the day goes on, but this tendency is not always present, nor 
ia it found with all individuals, though it shows up fairly well in 
the averages. This increase begins at about the time of the 6th trial, 
after which the dose was always taken. But the caffein days and 
control days show no clear difference either in the amount or in the 
time of appearance of this increase. 

StJHMABT 

Small amoonts of caffein tend to prodace retardation in discrimi- 
nation time, this retardation being accompanied by a greater number 
of false reactions. The false reactions appear to be caused by a 
preliminary briskness produced by the caffein, and the retardation 
in reaction time caused by a voluntary caution in the attempt to 
eliminate the false reactions. This is a test in which stimulation does 
not make for efSdency except after long practise. Larger amounts 
of caffein produce within 2 hours after the dose a stimulation so 
great that the retardation following small doses does not appear. 
Greater familiarity with the test may also contribute to this effect 
The caffein effect seems very persistent in this test, and traces of it 
are found on t^e following day. When retardation is present it 
does not appear nntil very late, whereas the stimulation comes 
quickly. This again appears to be due to the size of the dose, the 
lai^r amounts acting more quickly. The caffein does not seem to 
modify the variabilities of the reaction times. When the dose is 
taken in the morning no ^ect can be consistently made out. When 
it is taken along with the mid-day meal the retardation for small 
doses tends to disappear. The magnitude of the caffein inflnence 
varies inversely with body weight, as in most of the other testa. 
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CHAPTER XII 

The Influence of Caffbin on the Cancellation Test 

One TtosatisfactoiT feature of the use of simple tests is the fact 
that it is not alwsys apparent what fanotion or set of functions, 
what process, faculty or capacity is beiug measured. Thus the can- 
cellatioQ test has been used by various inTestigators for the measure- 
ment of such varying factors aa "degree of attention," "discrimina* 
tion," "rate of perception," "fatigue," "capacity to breah and 
form associations," "distraction," etc. One would suppose that 
certain of the numerous tests devised for experimental purposes 
would be more or lees closely related to each other; not necessarily 
to the degree of assuming particular "faculties" involved in their 
performance, but at least to the degree that umilar nervous mechan- 
isma might be employed. Such tests would theoretically correlate 
with each other from the point of view of individual proficiency. 
But the method of correlating proficienciee has so far failed to afford 
a reliable classification of the various tests. The difSculty perhaps 
arises from the fact that relative performance in specific tests is 
laigdy conditioned by unequal and more or less particularized skill, 
interests, familiarity and adaptation with respect to operations some- 
what analogous to those involved in certain of the tests. Conse- 
quently correlations in performance would not reflect qualitative 
resemblances and differences in the tests, but rather the presence or 
absence of these various sorts of specialization. As an illustration, 
the cancellation test might involve the same functions aa the color 
discrimination reaction test, and yet the two tests not correlate 
to any mariced degree in a given individual because of specialized 
skill in proof reading, or because of individual differences in the 
method of performing the test. 

Conceivably similarity of function or of nervous mechanism in- 
volved might be determined by comparing the qualitative or quanti- 
tative effect, on the two tests, of an influence which is more or leas 
specialized and localizable in its action on nervons process, such an 
influence aa that of a drug with nervons action. The application of 
this criterion the writer helieves to be possible. Such application 
seems to throw new light on the character of the hitherto vaguely 
classified cancellation test. 

This test was one of the three which were omitted in the tbree- 
121 
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day intensive experiment (B) and in the seven-day experiment with 
syrnps (C). Hence the only records available are those secured in 
Experiment A. The test is an nnsatiafactory one to use, in the first 
place becanse of the impossibility of maintaining oniform iUnmina- 
tion except by artificial means. This provision was not adequately 
controUed in Experiment A. In the second place, since different 
characters were cancelled (2, 3, 5, 6, 8) at each of the five tests on a 
given day and since these characters differ among themselves in per* 
ceptibilily, the saccessive trials on a given day can not satisfactorily 
be compared with each other. The comparison of similar teats on 
different days is not influenced by differences in the character can- 
celled, but such comparisons, undnr only roughly controlled condi- 
tions of illumination are uncertain in value. The individual carves 
are for the most part very irregular and the squad records are corre- 
spondingly so. The conclnaions as to the influence of caffein on the 
cancellation test are consequently given with considerable reserva- 
tion. 

Tables LXXXVII.-LIX. give the comparison of actual with cal- 
culated records for Squads I., III. and IV. Table LXXXVIII. gives 
the averages for each trial on each type of day, for Squad II., the 
average of the two trials before the dose being adopted as the stand- 
ard for the day and the ratios for the later triala referring to this 
standard. 

At the 3:10 test the control squad (I.) shows a tendency to be 
slow in pseudo-caffein days. Squad III. shows the same tendency 
except for the larger doses, which yield stimulation. Squad IV. 
gives balanced records, differing from the control squad only in 
the absence of retardation. At the 5 :30 test the control squad yields 
records which balance. Squad III. shows a small amount of stimu- 
lation, as does Squad IT. for the smaller doses. On the poet-caffein 
days (morning records) t^e control squad yields balanced records 
at all hours. Squad III. at the 7:45 and Squad IV, at all three 
morning trials suggest retardation after the small and continued 
stimulation after the large doses of the preceding caffein days. 

Squad II. (Table LXXXVIII.) after 1 gr. yields records not dis- 
tinguishable from those of the control days. But after 2, 4 and' 6 gr. 
all the subsequent trials show stimulation, which is lai^r at t^e 
12 :00 test for the 2 gr. dose, but greatest for the 6 gr. amount at the 
later 5 :30 trial. The average per cent, stimvdation is greatest in the 
case of the 2 gr. dose. 

In Tables XCI.-XCII. the records for this Squad II. are again 
computed, the individuals being treated separately, the 12:(X) and 
3:10 trials being averaged for one table and the 5:30 trial being 
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presented separately. The ratios are presented for each individual, 
and the squad average in these tables is therefore not the ratio of the 
average record of the aquad but the average of the ratios of the 
three individuals. Hence the ratios do not completely correspond 
to those given in Table LXXXVIII. 

The ratioa in Table XCI. can not be compared directly with those 
in Table XCII., since at these various trials different digits were 
oaocelled and the difference between the two tables is chiefly a func- 

TABLE XCI 

Cancellatioit. Squad II. Ezpebiuknt A 

lUtio of 12:00 and 3:10 trials (average) to triali before doM (av.) 





K.V. 


iOr. 


ii.v. 


lOi. 


1I.V. 


4 Or 


M.V. 


<Ot. 


1.078 


.071 


.«05 


.043 


1.036 


.073 


1.039 


.030 


1.075 


1.101 


.057 


1.144 


.053 


1.052 


.06a 


1.003 


.126 


1.023 


1.019 


.047 


.933 


.077 


.900 


.063 


.946 


.027 


.958 



TABLE XCn 
CAticxLi.ATto>i. SqvAv II. 
BatioB of 5:30 trials to trials before dose (av.) 



CoBtnl 


lf.V. 


IGr. 


.783 


.048 


.817 


1.081 


.039 


1.130 


.978 


.066 


1.036 



tion of the difference in the relative ease of maiking out these differ- 
ent characters. But within any one table the control days may be 
compared with the caffein days. If this ia done all doeea of casein 
are seen to have produced stimalation at the 12:00 and 3:10 tests 
(dose at 10:30), only one of the caffein ratios (subject 12 for 1 gr.) 
being larger than the corresponding control ratio. But by the time 
of the 5:30 test this 1 gr. dose has produced retardation with all 
three subjects, the average amount being almost 5 per cent. All 
larger doses yield stimulation for all three subjects. On the basis of 
these tables combined with the evidence from Table LXXXVTTT., 
the caffein effect on Squad II. is clearly a general tendency toward 
stimulation, except for the small doses, which produce recorda in- 
ferior i» those of control days. 

When the records for Squada I., III. and IV. are treated by this 
ratio method, the ratios of each subject being computed separately 
and the squad record consisting of the average of these ratios. 
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Tables XCIII. to XCV. result. The control squad (Table XCIII.) 
shows slightly inferior records on the paeudo-cafFein days (about 
2 per cent.). There are but three subjects in this squad for this test, 
subject 1 having been imable to complete the test on accoTint of 
Restrain. Of these three subjects two are better on control days 
and one on psendo-caffein days. 

In the case of Squad III. (Table XCIV.) aU three subjects show 
retardation after the small doses (1 and 2 gr.) and stimulation after 
lai^r amounts. In the squad average this effect shows up clearty, 
the retardation from 1 and 2 gr. averaging 4.5 per cent, and the 
stimulation from larger amounts averaging 5.6 per cent. This 
«qaad tiaia quite confirms the conclusions based on the records of 
Squad n. 

TABLE ZOm 

CUtCEbUTlON. ettaU) I., EZTSUICENT A 

BatioB of pwfonuAnu aft«r doM to performance before doee 

Sabl. CoDtnl At. KV. PMado-Caf. At. U.V. 

1 Test omitted beeanae of eTestrain. 

4 1.061 .023 1.077 .047 

7 1.0« .067 1.086 .Oei 

IS 1.021 M7 1.079 .067 

Areiftge LM9 .036 1.080 !oS8 

TABLE XCIV 

OaNCXLLATION. SQITAD m., EXPKUICIHT A 

BatioB of perfoniunee after dose to perfomunce before doee 

At. of 1 At. o( 

uidaOr. ttaSQt. 

OMtnil AIM DinraaoM b«tw. 

Satd. Atuk* M.V. IQr. IQr. lOr. 4 Or. « Or. ThM* ud Control At. 

8 .Ml .071 1.043 .MS .886 .862 .823 

.910 .042 .MS .006 .063 .972 .BW 



.070 


.M7 


.806 


.009 


.893 


+.011 —J 


1.010 
1.103 


1.170 
1.260 

fiis 


1.046 
1.020 
i!M3 


1.068 
1.070 
f068 


1.093 
1.060 

foTe 


1.137 IJ 
+.036 —.< 


1.080 
1.040 


1.120 
1.820 


.888 
.060 


.90S 
1.072 


.990 
.972 


1.I1S .1 


1.060 


1.170 


.919 


.988 


.981 


+.086 —J 


1.030 1.118 


.S4» 


.988 


.983 


1.074 .1 
+.04S —J 



In the case of Squad IV., taking the dose in mid-afternoon the 
retardation runs higher up along the scale of doses, and the five 



D.ymzsd.yLjOOglC 



INFLUENCE OF CAFFSIN ON CANCELLATION TEST 129 

snbjecta do not agree among themselveB. No. 5 is retarded by all but 
tbe 2 and 3 gr. amounts, these giving stimulation. In the case of No. 
6 it ia just these two amounts that }deld retardation, other doses 
producing apparent stimulation. Subjects 10, 11 and 16 show no 
uniform tendency except that all are stimulated by the 6 gr. amount 

TABLE XCV 

CANdLLAtiotf. BqjJAD IT., Exphuhsmt A 
BatioB of performance after dose to perfoniuuiu before doae 



Central 


IC.V. 


lOr. 
1.036 


IGr. 
1.066 


8 0i. 
1.076 


«Oi. ' 

i.iwt 


TtMMud Control At*. 
1.060 






1.160 


1.020 


1.017 


1.117 




1.180 


1.085 


.070 


LTO7 


T037 


To« 


Tim 


1.083 
—.002 


Tiie 

+.030 






1.060 


1.072 


1.030 


1.069 




.916 






.977 


1.000 


1.130 


.943 




.970 


Lcai 


.077 


1.013 


1.036 


1.060 


1.001 


1.032 
+.011 


—.079 






1.22fl 


1.100 


1.026 


1.100 




1.062 






1.060 


.906 


1.160 


1.093 




1.080 


1.098 


.067 


1.137 


1^047 


1.082 


r096 


1.090 
—.003 


foM 
-.027 






.S63 


1.030 


1.016 


1.034 




.966 






1.063 


1.026 


1.000 


1.047 




.960 


1.037 


.096 


^963 


TW: 


lioOT 


Toib 


1.007 
—.030 


563 
—.084 






1.061 


1.270 


1.160 


1.200 




1.060 






1.161 


1.222 


1.286 


1.108 




1.110 


1.131 


.086 


nn 


ri« 


mV 


fiii 


1.182 
+.081 


1.060 
—.061 


1.073 


.077 


1.060 


1.07S 


1.086 


1.088 


1.078 


1.031 



+.006 —.042 

In the squad averages this situation leads to the same result as that 
found with the other two squads. Up to 4 gr. there is very slight 
retardation (the average amount being .5 per cent), while the large 
dose yields 4.2 per cent, stimulation. 

The general tendency most be said to be stimulation, except for 
small doses, and for larger doses in the case of some subjects. In 
the introspective reports of the subjects it is quite generally stated 

10 
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that diffictillr in this test arose from the tendency to skip digits and 
from the consequent necessity of going back and hunting for them 
(there were five digits in each line and the assistant called oat each 
time a digit in a line bad been omitted, the subject being required 
to mark out all digits before his record was complete). It looks as 
though the retardation might have come from a real stimulation and 
a consequent briskuees which led to omissions in the attempt to do 
the test quickly. 

It appears further that individual differences in this test and in 
the character of the caffein effect may depend largely on individ- 
ual ways of performing the task. With some subjects the test seems 
to involve simply a recognition process, without any considerable 
amount of discrunination. Thus subject 12 says of this test, "In 
the course of the experiment I tried to allow my eye to run along in 
advance of my pencil, without identifying any number except those 
I wanted to cancel." After the first 4> days of the caffein weeks this 
subject shows no retardation. No. 14 also says, "As the experiment 
progressed I tried to make the eye take in about one third of a line 
at a time and do it rapidly, jost trusting that somehow I would not 
overiook one." After the first few days of the experiment this sub- 
ject got an average stimulation of 5 per cent from the caffein doses. 
Subject 9, on the other hand, writes, "At the beginning of the ex- 
periment the figures which I was cancelling seemed to stand out 
from the rest. This, after a few days, disappeared and I had to 
scan every fignre in order to get all of those on which I was work- 
ing." This subject's record shows that during the first part of the 
experiment, in which the simple method of recognition seems to have 
been followed, the caffein (1 gr.) produced a stimulation of 4..1 per 
cent. But from that point on the 2 gr. amonnta produced retarda- 
tion and after the 3, 4 and, 6 gr. doses the ratio of tbe 1 gr. was nev^ 
equalled. That is to say, in some esses this cancellation test seems to 
be carried on in terms of simple recc^nition, direct perception and 
motor response, with little disciimination involved. In other esses 
it seems necessary to perform a real act of discrimination in which 
the correct figure is not merely recognized in itself but more or less 
explicitly distinguished from the others. In the former case the 
caffein influence tends to be stimulation without any interference. 
In the latter ease the test resembles the discrimination-reaction ex- 
periment, and during the early part of t^e ^periment the effect of 
the caffein is disaatroos because the briskness of performance results 
in omissions and consequent delay in recovery. 

Comparison of these results with the character of the eaffein in- 
flnenee in the case of the other teats is interesting from the point of 
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view of the attempt at qualitative claaaification Hu^eated in an 
earlier paragraph. In the case of the tappiog test there was stimn- 
latioD also, but this effect come qnickly and increased directly with 
the size of the dose. In the coordination and Irpewritdng teats small 
amounU produced stimulation bnt large amounta retardation. Cal- 
colation, opposites and color-naming showed stimulation for the 
total range of doses. DiscTimination time was retarded by small and 
quickened by large amounts. The cancellation test does not clearly 
resemble any of these groups. On the basis of the squad averages 
and of some of the individual records it resembles the discrimina- 
tion time teet. But some of the subjects get effects much more simi- 
lar to Aose produced on tests involviug processes of direct recog* 
nition and simple association. These results show the cancellation 
teat to be just such an indefinite and borderline test as the earlier 
description of it implied. The process measured by it will vary with 
the individual and at different times in the bistoiy of the same in- 
dividual's performance. Attempts to correlate proficiency in the 
cancellation tests with other sorts of ability have usually resulted in 
very low correlation. This may perhaps be partially explained by 
the indication that the test doea not measure the same process, func- 
tion or capacity under different circumstances or with different in- 
dividuals. 

SUUHABY 

The caffein influence on the cancellation test does not usually 
^ow itself until several hours after the dose. Periiaps as a result of 
this tardiness the effect seems to be greater in the case of the squad 
taking the dose in the morning. The general ^ect is stimulation 
for large doses, bnt small doses show retardation in the squad aver- 
ages, while some individuals get retardation for larger amounts. 
The results are inflaenced considerably by individual differences in 
the method of performance. When t^e test seems to proceed in 
terms of simple recognition of the figure to be cancelled, the result 
is stimulation, as in the tests of association processes and speed of 
movement. But when it is necessary to examine each figure on the 
sheet, discriminating in a rather ^plicit way the correct from the 
false characters, the test comes to resemble the discrimination reac- 
tion in character and in the nature of the caffein infiuence. In the 
abarace of intensive tests nothing can be said conceniing the per- 
sistence time of this infinence and nothing with assurance concern- 
ing its after effect. There is a bare indication of continued retar^ 
dation in the records on mornings after caffein days on which small 
doses were given. The results do not recommend the test for pur- 
pcoes similar to those of the present investigation. 
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CHAPTER XIII 

The Influence of Caffedt on Sleep* 

Thbouobout the experiment each snbject kept daily records of 
his geaeral condition of health and spirits throughout the day, indi- 
cating is his special "Daily Health Book" any signs of bodily dis- 
tress or discomfort, such special or general organic, digestive and 
nervous disturbances as might be noted from time to time, and in 
general aa good an introspective account as possible of his mood and 
tonus. In addition to stating the character of any symptoms or un- 
usual observations, the time of their appearance and tixeit duration 
was noted and reference made to any outside factor which might 
have been responsible for the condition described. This health 
record was divided into two parts, the first having to do with the 
day-time hours preceding the evening on which the entiy was made, 
and the second having to do with the night-hours following. This 
second entry was made on the following morning, immediately on 
arrival at the laboratory. At this time each individual recorded 
the approximate number of hours which he had slept during the 
night and described the quality of his sleep as "better than usual," 
"ordinary," or "worse than usual." In working up these data the 
approximate number of hours was accepted aa stated. From the 
point of view of character or qoality an attempt was also made to 
express the effect of caffein in numerical form. Representing the 
individual's usual quali^ of sleep by a value of 2, letting the value 
1 indicate sleep which according to the judgment of the individual 
himself was better than uaual, and letting the value 3 represent the 
quality of sleep which the individual himself judged to be worse 
than u»uai, tables were compiled from the introspective records oc- 
curring in the daily health boohs. In the individual averages then 
as well as in the squad averages, a value of 2.00 indicates normal 
sleep, all values less than 2.00 indicate sleep judged unusually good 
while all values larger than 2.00 indicate impaired sleep. 

It will be recognized at once that these measures of sleep quali^ 
are only rough and approximate, but it is just as obvious that they 
are as accurate meaHorementa of the thing in question as can well be 
secured. The individual himself is the only one who knows any- 

'Beprlntod from Ametioan /ownol of Ftj/chology, Jannarj, 1918. 
132 



>, Google 



INFLUENCE OF CAFFBIN ON SLEEP 188 

thing abont hia ciistomary sleep quality. In daily life we pass such 
judgments aa tbose given in the present experiment, and in much 
the same way, with about the same nomber of categories. We pro- 
nounce ourselTeB to have slept well or poorly or about aa usual. 
Finer distinctions would probably have little or at most exceedingly 
variable meaning. With respect to the criteria on which such judg- 
ments are based there are also considerable individual difFerencee. 
The nmnber of hours slept through, the number and character of the 
dreams, the interval after retiring before sleep ensued, the number 
of times awakened during the night, general feelings of relief or 
languor after arising, etc., sU play their part no doubt. And the 
judgment is at beat only a secondary one, that is to say the quality 
of sleep is inferred from introspections and observations made during 
waking momenta. In spite of this, few judgments of thia aubjective 
character would seem to have higher reliability than the individ- 
ual's own opinion of the aatisfactoriness of his slumber, and when 
the categories are limited to the three employed here, the judgments 
are delivered with a high degree of confidence. The reliability of 
the judgments is moreover emphasized by the consistent conclusions 
sn^ested by the various tables. 

The statements of number of hours sleep are at best only approxi- 
mate, in cases of impaired sleep. When the slumber was not dis- 
turbed the figures are more reliable, since all the subjects observed 
regular hours of retiring and arising. It will not be poeaible here to 
compare the individual subjects or the squad averages with each 
other, except in so far as the number of hours' sleep on control days 
is adopted as the normal in each case. A fairly constant average of 
about 7.5 hours sleep appears to be the normal for all of the subjects, 
as is indicated by the records for the week before the caffein doses 
began, and also by the records for the control days during the caf- 
fein experiments. 

The records on sleep fall into two general sections, the first cov- 
ering the 28 days of the caffein alkaloid experiments, and the second 
covering the 7 d^s of the experiments with syru^ and carbonated 
water, with and without caffein contents. In the following tables 
the first column gives the averages for the first week, during which 
only sugar doses were given to all subjects. The second column 
gives the averages for the control days during the following three 
weeks. These two colnmns may then both be considered as normals. 
The third column gives the averages for the days on which the dose 
was either 1 or 2 gr. of caffein, the fourth column the records for the 
3-4 grain doses, and the fifth column for the 6 gr. doses. The last 
column gives the final average for all the caffein days (1-6 gr. doses). 
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The individual aubjecta are gronped io sqaads accordiog to the time 
at which the dose was taken and according to the distribution of the 
doses during the month. 

Squad I., consisting of subjects 1, 4, 7, and 15, were the control 
squad, and ran throughout the four weeks on sugar doses only. 
Nevertheless their records have been averaged as though they had 
taken the caffein on alternating days, as was the case with squads 
III. and IV. The parentheses around their averages indicate then 
that these were not really caffein days, bnt days on which the caf- 
fein squads took the dosea indicated at the top of the varions col- 
umns. The sleep records of the individuals taking caffein may thus 
be compared with the control records of individuals taking only 
sugar on the corresponding days. The caffein records are thus 
trebly checked up — first by a normal week for all aubjecta, second 
by control days for all subjects during the following three weeks, 
and thirdly by a control sqasd running throughout the month on 
sugar doses only. 

Squad II., consisting of suhjecta 8, 12 and 13 took caffein on three 
daya and sugar on the following three days, at 10 :30, followed in 
tnm by three days of caffein, and so on throughout the experiment, 
except that there was only one day available for the 6 grain dose. 
The 1-2 grain records for this squad are the averages of 3 daya of 1 
grain and 3 days of 2 grain doses. The records for 3-4 grains are 
the averages of three 4 grain days, while the records for 6 grains are 
not averages but single records. 

Squad III. took caffein and augar doses on alternate daya 
throughout the experiment, at the 1 o'clock lunch hour, thus giving 
two days for each of the 1, 2, 3, 4 and 6 grain doses. Squad IV. 
also alternated caffein with sugar doses throughout the month, with 
the same distribution of days as in the case of Squad III., the only 
difference being that the dose was taken in the middle of the after- 
noon instead of at the lunch hour. Squad III. consisted of sub- 
jects 3, 9 and 14, while Squad IV. contained subjects 5, 6, 10, 11 
and 16. 

Section 1. Expebimehts with Caffein AiiSALoio 
Table XCVX. gives the individual averages for quality of sleep 

during the first four weeks, and also the squad averages, with final 

averages for the caffein daya and a grand average for each column 

for the three caffein squads. 

Table XGVII. brings together the averages for each aquad, at 

the aame time giving the mean variation of each average and the 
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number of cases from which the average is in each case derived. 
The table alao gives the final averages for the three caffein squads, the 
mean variation of the three squad averages from this final average, 
and the total number of cases for each kind of dose. The number of 
cases depends chiefly on &e number of individuals making up the 
squad, and iu the case of Squad II. on the fact that 3 grain doses 
were not administered and that only one 6 grain dose was given. 

TABLE XCVI 
IHTLOINOK or Cajtxin ALKAuom oh thx Qdalitt of Sleep 

FInt CoDtral C»Md DgMi CtlMa 

Squad BnbjMta WMk Daji 1-1 Oi. ■-« dr. SOr. Ann(* 

I. 1 160 190 (EES) (200) (ISO) (200) 

Sng&r 011I7 4 200 230 (200) (200) (SOO) (220) 

7 170 150 (175) (125) (100) (140) 

15 200 230 (225) (200) (250) (220) 

Ay. 187 200 (80ft) (181) (200) (1«S) 



Moming 12 200 

Caffein 3 dsTi 13 220 



With lonch 9 SEO l&O 225 200 250 226 

Alt«rafttal7 14 200 230 200 175 200 191 

At. 213 220 233 1S2 217 214 

IT. 5 230 200 250 250 300 206 

Mid P.K. e 200 190 175 175 250 200 

Altenuktelj 10 220 210 175 225 300 233 



108 200 21« 207 251 224 

The data presented in the two preceding tables seem to justify 
the following conclusions concerning the influence of caffein alkaloid, 
taken in its pure form, on tiie quali^ of sleep. 

1. Doses smaller than 6 grains do not cause sleep impairment, so 
far as the squad averages indicate. The averagef M.y. of these squad 
averages is 38. Al&ough the figures for Squad II. are lai^er for 
all doaea of caffein the range is quite within the probable error ex- 
cept for the 6 grain doses where sleeplessness is dearly present 
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(Table XCVII.). Sqnad IIL shows no sleep impairment wliatever, 
the quali^ being reported even quite uniformly better on caffein 
days. Sqnad lY. similarly shows no deterioratioD in sleep quality 
until the 6 grain dose is reached, but the falling off at this point 
(270) is apparent. The final averages of tiie caffein squads show the 
rule clearly. Up to the 4 grain doses the sleep qnali(7 remains qaite 
constantly aboat 209, but at 6 grains there is an abrupt falling off to 
251 (Table XCVII.)- Since these figures are the averages of 11 
individuals, with daily records covering a period of 28 days, they 
have high reliabili^. 

TABLE XCVn 
Thb SgcAD AnsAOis tdb Cajtkin Ai^kaloto 

Sqiwd TlntWMk CoDtiolDaji 1-1 Gr. S-4 0r, < Or. 

L Av. 187 200 (806) (181) — 

SngBT 011I7 M.T. 47 36 35 30 — 

Case* 24 88 10 18 — 



n.— 10:30 A.M. 
Caffein 3 dajB 
BngarSdaTa 


Ay. 

M.V. 

CaMB 


With lunch on 
alternate <U^ 


At. 
H.V. 

Caaes 


IV. 
Midpjc. 
Alternate dajv 


At. 

U.V. 

Caaea 


Final averagM of 
eaffein squads 


At. 

M.V. 
Total 



2. The infiuence of the caffein dose depends to a quite appreci- 
able degree on the conditions under which the dose is taken, and 
especially on the time of day, the contents of the stomach at the time, 
and the frequency with which the dose is taken. This dependence 
is indicated by a comparison of the averages for Squads II., III. 
and IV. 

(a) The greatest impairment of sleep quality is found in the 
case of those taking the doses on successive days (Av. 234), and this 
is true in spite of the fact that the dose was in these cases tak«i 
eariy in the morning, some four hours before Squad TV. and two to 
two and a half honrs before Squad III. Had the dose been taken 
later in the day the difference would doubtless have been still 
greater. It is impossible to say, on the bssis of the data at hand. 
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how soon tliia cmnalatiTe effect wotild be compensated by saeh proc- 
esses of adaptation as are well recognized features of drug action. 

(b) Next to this squad, the greatest sleep impairment ia found 
with the group (Squad 17.) taking the caffein dose late in the after- 
noon, between meals and on an empty stomach ( Av. 226) . 

(c) Quite in line with this fact ia th« further evidence that when 
the dose is tsken along with food substance, as in the case of Squad 
III., who took the caffein at the lunch hour, there is absolutely no 
evidence of sleeplessness. The presence of food substance in the 
stomach seems not only to retard the action of the drug but to weaken 
or even completely neutralize its effect, so that the average for Squad 
in. (214) is actually better than their own average on control days 
(220), although this difference, since it is quite within the probable 
error, is not evidence of genuine superior quality. The lowest value 
for this squad is at the 1-2 grain doses (233) but this large figure is 
due solely to the one individual (subject 3, Table XCVI.) who re- 
ported poor sleep for several nights in succession, on control days 
(240) as wdl as on caffein days. 

3. These results are confirmed by a more detailed study of the 
records of the individuals making up the various squads. Three 
subjects, 3, 13 and 14 are not affected even by the maximal 6 grain 
dose. Five remain unaffected until the 6 grain dose is reached, 
these being snbjects 6, 9, 10, 12 and 16. Only three individuals of 
the total eleven show signs of disturbance before the 6 grain dose is 
reached, these being 5 and 8 (who report sleeplessness as soon as the 
caffein doses b^iu and show increasing impairment with larger 
doses) and 11 who reports 250 for 1-2 and for 3-4 grains but did 
sot seem to be disturbed by the 6 grains. 

4. The age of the individual does not seon to influence his sus- 
ceptibility to the sleep disturbing effects of caffein. The three indi- 
vidnals who report poor sleep after the minimal doses are 24, 27 and 
33 years of age, respectivdy, averaging 28 years. The five who were 
disturbed only by the 6 grains range from 21 to 33 years, averaging 
26. The three who are not affected at all are 22, 27 and 39 years old, 
averaging 29.3 years. The figures thus show no correlation between 
age and the ease or degree of sleep disturbance. (See Table 

xcvni.). 

5. Previous caffein habits do not seem to modify the individ- 
ual's susceptibility during the experiment. Table XCTIII. indi- 
cates for each subject the coffee or tea drinking habits indulged in 
before the experiments began, and reveals no uniformi(7. Individ- 
uals who were accustomed to the regular use of caflein-eoutainii^ 
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beverages are to be found in eacb group along with those who have 
never used coffee nor tea, or have used them only occasionally. 

6. So far as the present experiment is coneemed, no sex differ- 
ences in susceptibility are disclosed. Four of the subjects in the 
caffein sqaads were women. Of these two were affected by minimitl 
doses, one by maximal doses only, and one not at all. Of the men, 
two were not affected at all, four were affected by the maximal dose 
only, and one by the minimal. 

TABLE XCVIU 
Individual HjmanctB in Busckptidilitt 

Tnx 8aHtet Af* Wdfht CaffMn HaUt 

1 Bweted to B &4 144 Used regnlkrly 

S 33 106 Used regnlarlr 

11 2T 110 AbaUIner 



Used regalsrlr 
AbBtainer 
XTMd regnlftrlr 
OeeuioDftllj 
Used regnlulr 



Uwd regnl«rl7 

AbstaiiuiT 

OeeuionaUr 



Arerage 80.3 



7. The only factor which correlates closely with snsceptibility is 
weight. Table XCVIU. shows this correlation clearly. The aver- 
age weight of those who are affected by the minimal dosea is only 
120 pounds. The average weight of those who are affected, but only 
by the maximal dose is 149 pounds, while the average weight of the 
three individuals who are not affected at all is 176 pounds. That is 
to say, the greater the body weight of the individoal the greater tiie 
immunity to the sleep-disturbing influence of caffein. The two light- 
est sabjects, 5 and 11, are in the susceptible group, while the heavi- 
est woman and the two heaviest men are in the immune group. The 
relation between body weight and the action of dmgs in a medicinal 
way is a well-recognized principle of pharmacology, and it is inters 
eating to find such close confirmation of the principle in these intro- 
spective sleep records. It means simply that, when a fixed dose is 
administered, the heavy or large individual receives rdatively a 
smaller dose, per unit of tissae, and the influence of the drug is 
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correspondingly reduced. Age and sex differences in the soscepti' 
bility to drugs are probably in many cases not true age or sex dif- 
ferences but differences baaed on variations in weight or size. A 
given amount of caffein, for instance, should be expected to produce 
greater sleep disturbances in a child than in an adult, not so much 
because of the child 's inunaturi^ as because of the fact that he re- 
ceives a lai^r dose per unit of tissue. 

Table XCTIII. presents the elasaiflcation of the eleven subjects 
according to their susceptibility, giving at the same time their age, 
weight and caffein habit. 

TABLE XCDC 
EmcT or dmis ok Ahount or Slksf 

UtWk. OaBtnl 1-4 Or. >-4 0t. (Or. Of. At. 

Squad 1. Sugar only 7.4a T.40 (7J») (7.76) (7.67) (7JS6) 

n. Three-dar p«no4a 7.13 7.63 7.46 7JE7 7.07 7.37 

m. WitliliiDCb 7.43 7.47 7.67 7.3S S.40 6.»0 

IV. Middle P.K 7.80 7.4« 7 J8 7.00 9M «M 

Average of Caffem 
Squad* n., ni. and IV. . . . . 7.26 7J2 7.47 7.30 8 Jft 7.05 

Table XCIX. gives the squad averages of tile approximate num- 
ber of hours' sleep, as well as the final average for the three caffein 
squads. The figures indicate hours and decimal parts of an hour. 
The indications here thoroughly bear out the conclusions based on 
the judgments of sleep quality. The control squad (I.) shows little 
variation as the experiment proceeds, the average amount of sleep 
bong uniformly about 7.5 hours. Squad 11., taking caffein in the 
morning, proceeds in much the same way until the 6 grain dose ia 
given, when the time drops to about 7 hours, a loss of half on hour 
sleep. The amount of sleep for Squad III., taking dose with lunch 
does not diminish appreciably until the 6 grain dose ia given, when 
the earlier average of 7.4 hours abruptly drops to 6.4 hours, a loss of 
one hour. The figures for Squad lY., taking dose in the afternoon, 
between meals, drops off .5 hour at the 3-4 grain doses, and still 
another .5 hour at the 6 grain dose. Comparing the caffein average 
with the control average. Squads III. and IV. lose on the whole for 
1-6 grain doses, .6 of an hour, while Squad II. averages, for the 
whole range of doses, a loss of only .3 of an hour. The grand aver- 
age of the caffein squads shows a slight tendency to fall off for the 
smaller doaee, with an abrupt loss of .7 of an hoar at tlie 6 grain 
dose, while the grand average for the total range of doses (1-6 
grains) shows a loss of half an hour, the figure falling from 7.5 hours 
on control days to 7.0 hours. The individual records show nothing 
new, and are consequently not g^ven. 
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Section 2. Inpluknce op Stbups, with and wrreour Cafpbin, 

ON THB QUAUTT OF SlKKP 

This experiment covered one we^. On two daya no dose at all 
was given. On two days soda foontaiD syrup, containing no ca£fein, 
was served witb carbonated water. On the remaining three days, 
which were, however, scattered throughoat the week,vsiying amounta 
of the syrup were given, served with the carbonated water as before, 
bnt containing caffein alkaloid (1.2 grains per glass). On one day 
1 glass was taken, on another 3 glasses and on the third day 5 
glasses. In all eases the drink was taken in the middle of the after- 
noon. When the lai^ amounts were taken the drinks were distrib- 
uted over a period of 2 or 2.5 hours. "When the small amounts 
were taken the 3 :00 o'clock hour was chosen for the drink. In this 
experiment 12 subjects were used,' all of whom had taken part in the 
previous experiment. No sqnad division was made, the days on 
which no doee was taken (called "blank days" in the table), served 
as control days for the whole gronp. 

TABLE C 
iNnuxNcx or Sibupb, witb and mraour CAwnnc 

SlMp Qoalltj Honn Slwp 

duiMUrof thtDoM Annf* XV. Annca 

Blank daya 178 54 7.48 

PUin lyrap, with carbonated water SOS 23 7.69 

STHip, witb caffeiu, 

1 g]au (1.2 gr.) 180 30 7.42 

3 glance (3.6 gr.) 200 i9 7.16 

S glaaeea (6.0 gr.) 250 60 6.75 

S7TDP, witli eaffein, average 213 46 7.11 

Representing as before, the normal quality of sleep by the value 
200, letting 100 represent sleep introspectively judged as better than 
usual, and 300 sleep judged as worse than vaudl, the following table 
(0.) results from the week's experiment on the 12 sabjects. The 
figure for "blank days" is thus an average of 12 records on each 
of 2 df^ an average of 24 cases. The fignre for "syrup days" is an 
average, in the same way, of 24 cases, while each of the "caffein" 
figures is an average of 12 records. 

The results of this experiment completely confirm the conclu- 
sions presented in the first section. The "blank days" have a good 
average qnallty (179), but no better than that for the day of the 
1 glass of syrup drink, containing 1.2 grains of caSein. The 3.6 
grain dose of oaffein results in a poorer quality of sleep than that on 
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the "blank daTS," bat no poorer than tiiat reported on the days on 
which the same amount of plain syrap wag taken (3.6 gr. oaffein — 
209, plain Byrup— 208). Moreover both these figures are approxi- 
mately ordinal? deep (200). But on the days on which the drink 
contained 6 grains of eaffeio there is clear evidence of Bleep im- 
pairment (250). This is just the point at which the doses of pore 
cafEein alkaloid prodnoed marked signs of sleep disturbance. The 
average for the three caffein d&ys (1-6 gr.) is poorer than that for 
the plain syrap days (eaffein 213, ^rup 208), while the average for 
"blank days," is better than eitiier of these two (179). 

The reports of approximate amount of sleep point in the same 
direction. The "blank dajrs," the plain syrup days and tiie 1.2 gr. 
eaffein day all yield the well established normal of about 7.5 hoars of 
sleep. The average after the 3.6 gr. eaffein dose appears to be only 
slightly less, being 7.16, a loss of about .25 hour. But after the 6 
grain dose there is an abmpt falling off, the average being only 
6.75 hours, a loss of .75 hour as compared with the normal amount. 
Not only in their relative amounts, but in absolute magnitude as 
well, the figures for sleep quality and for amount of sleep, in this 
second section, correspond closely to the figures yielded by the ez< 
perimenta reported in the preceding section on the effects of pure 
eaffein doses. 

It should be rematked that in no case did the sabjects know the 
nature of the dose which they were taking at the time. The only 
indications they had throughout the experiment were based on the 
after effects of the drug. In Section 1, each subject received a cap- 
sule daily, this capsule sometimes containing eaffein in amonnt 
known only to the director of the experiment, and at other times 
only sugar of milk. The control capsules were varied in size, as 
were the eaffein capsules of necessity. In Section 2, the sabjects 
knew only that they were taking soda-fountain drinks. There was 
said to be a slight variation in the taste from time to time, but this 
was supposed, by the subjects, to be due to the degree to which the 
syrup had been mixed with the carbonated water, to its temperature, 
etc. The disturbing factors of snggestion, interest, excitement and 
unequal introspective attention were Uius effectually avoided. 

SUUICABT 

By wi^ of summary we may say : Small doses of eaffein alkaloid 
(1-4 grains), taken either in the pure form or accompanied by 
small amounts of syrup, do not produce appreciable sleep disturb- 
ance except in a few individual eases. Doses larger than these 
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(6 grains, in the present experiment) induce marked sleep impair- 
ment with most subjects, though even here a few individuals show 
complete reeistance to its effects. The effects are greatest when the 
dose is taken on an emp^ sbnnach or without food substance, and 
when it is taken on sncceesive days. The ^ect of the drag does not 
seem to depend on the age, sex, or previous caffein habits of the in- 
dividual, but varies inversely with increase in body weight. These 
conclusions hold both for the quali^ and for the amonnt of sleep. 
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CHAPTEB XIV 

The Influbncb op Caffbin on Qene&aij Health 

The individaal health record which each subject kept through- 
oat the experiment has already been deacribed io the section on 
"Supplementary Information" in Chapter II. Since the investi- 
gstioD was concerned chiefly with proficiency in the mental and 
motor tests, the chief value of the daily health book lay in its service 
as a check on the records made by the subject and as a guide to the 
director in the administration of the doses. It was for these two 
purposes that the health intnm>ections were originally recorded. 
No definite attempt was made to study the physiolo^cal action of 
caffein on the human system, although the conditions of the esperi* 
ment afforded excellent opportnnity for such observations to be 
made on at least several of the special organs. The introspections 
recorded in the health book were more or less general in character 
whereas only special and detailed examination wonld have served to 
determine any local physiological ^ecta that might have resulted 
from the caffein adminiBtration. 

Nevertheless examination of the daily reports suggests that they 
have in themselves a certain positive value, aside from their bearing 
on the test records. It is not often that careful introspections of 16 
individuals over a period of 40 days of carefully controlled dn^ 
administration can be presented. Moreover, since the general feel- 
ing of well-being will be reflected in the individual's efficiency in the 
performance of mental and motor teats, we have in these daily 
records an indirect measure of just those factors which it was the 
chief purpose of the investigation to examine. Comparison of tiiese 
reports with the actual changes in efiiciency as measured by the 
tests shows a close correlation between the two seta of remits. For 
these reasons it seems worth while to publish the daily introspections 
in folL The following pages of this chapter contain the daily rec- 
ords of all the 16 subjects from February 10 to March 2, the 
period of three we^a during which the caffein doses were admin- 
istered in Experiment A. The records have been copied directly 
from the individual books, the only changes consisting of occasional 
abbreviations and grammatical corrections. The records of eaeb of 
the subjects who received caffdn are followed by a brief statement 
143 
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of general results in the case of the subject in question. At the close 
of the chapter is given a general statement of the results for each 
squad. These results are stated only tentatively, completer inter- 
pretation being left for sach readers as have fuller medical knowl- 
edge than the writer. 

At the close of the experiments each subject was asked whether 
or not he had read, during the investigation, any general or special 
treatise concerning the supposed eSFects of ca£Fein, and whether or 
not be felt that his introspections had been in any way influenced 
by BUggestions received in this w^, or by his general knowledge or 
expectation. No sabject had ever read any account of the action of 
caflein other than the incidental references to it found in the text- 
books of physiology used in the elementary schools. 

The following four subjects comprised the control squad and 
ran through the whole period on sugar doses only, given at 1 :00 p.u. 

Subject 1, M., 39, , Begvlar User 
Feb. 10. Felt and Aept ta irell as tunal bium the ezperimenta began. 

11. Fdt dnllflT than vsati to-day. Slept norniBllj, 6.2C hrs. 

12. Fdt normal to-daj aside from a slight headache in the morning. 

Ha«h better than jestardaj. Slept about 6 hra., but woke up tir«d 
a full bonr before neeeaeaiy. Bleep tnSlj nomtal while it luted. 

13. Felt duller than 7eeteTda7 bat not so dull as Saturday. Slightly con- 

stipated. Slept soandl}- about 6 hrs., being awakened by noise n^t 
door. Blept better than osoaJ sinee the experiments begui. 

14. Felt normal to-daj. EOept sonsdly for about 6 hrs. 

16. Felt flne this morning bat dull this afternoon. Slight inclination to 

headache in afternoon but thia gave way to a heavy feeling in the 
head. Slept not so well as usual, about 5.75 bra. 
18. Fdt depressed during the morning but better in the afternoon. 
Headache and dull feeling gone in afternoon. Blept aa soundly aa 
usu^ for e hra. 

17. Nonnal during morning and early part of the afternoon, but about 

the middle of the afternoon I seemed to have a slight fever and 
from that time on did not feel so bright as nsnaL Slept normally 
for 6 hiB. 

18. Felt normal to-day except in the matter of nervousnees which may 

have been due to the completion of some work not connected with 
the experiments. Have certainly been more nervous than before the 
experiments began. Slept as well as usual, 6 bra. 

19. I seemed to be normal up to 11:00 A.if., when a diuy spell lasting 

about SO minutes began, which was succeeded by a dull but not 
severe headache. In the p.m. between S:00 and 4;00 tbe headache 
seemed slightly more troubleaome. Was awakened in tbe middle of 
the ni^t by no apparent cause but went to sleep again probably in 
half an hour. 6 hra. 

20. Felt normal this morning but got drowsy about 3:00 p.m. and have 

felt duller than usual since. Slept as well as usual about S h». 
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21. Felt aonnal to-daj, bnt slightly neiroiu. Slept bs well u tuukl. 

28. Normal during, moming. In afternoon a slight headache came on 

together with a ilight fever. Felt dull since about 8:30. Slept 
worm than nmal, waking earlj. About 6 hrs. 

23. Felt normal to-day with exception of slight tendency to nerrousDeas 

and weakneea. This condition has been uniform throughout the day. 
Slept as soundly as naaal, about 5.TS hrs. 

24. Aside from a tired feeling aroond the eyea I have felt as well as usual 

to^y. Between 11:00 mod 12:00 I seemed to become slightly 
flushed but was probably not fererish. Felt better in the afternoon. 
Slept soundly as naoal for 6 his. 

29. Felt slightly better than usual to-day. Slept about 4 hn., bnt did 

not wake so refreshed as yesterday. 

26.' A little tired early in the moming but soon recovered my usual form. 
Slight twdeuey toward headache toward noon and after that felt 
duller than uaoal for about three houra. Slept u naoal, for approxi- 
mately 6.25 hrs. 

27. Felt dull this morning and had shooting pains in the back of my head 
especially after 11;00 a.m. Felt much brighter in the afternoon, and 
as well as nsual. Slept better than usual, for 0^25 hrs. 

26. Felt better than usual bH day. Not one unfavorable symptom. Slept 
as well as usual for about 6 his. 



Subject 4, M., 19, 124, Moder^e User 
Feb. 10. Felt aa well as nana! dnriog the day. During the evening I felt more 
wide awake than uaoaL Sleep ordinary, 8.S hrs. 

11. Aa usual during day. Sleep as well as usual, 7.G hrs. 

12. As usual during day. Sleep aa well aa uaual, 8 hrs. 

13. Aa usual dnring day. Sleep aa well as usual, 8 hrs. 

14. Fdt as well aa usual. Did not sleep weQ toward morning bnt woke 

np aeveral times. 8 his. 
16. Aa uaoal during day. Sleep as usoal. S hra. 
16. Aa DBual during day. Sleep as usual. 8 hrs. 
IT. Aa usual during day. Sleep as osnaL 7.5 hia. 

18. Aa uaoal during day. Sleep aa nsoal. 7.5 hrs. 

19. Aa Dsual during day. ffleep as anal. 8 hra. 

20. Felt aa usual. Sleep poorer than omaL S hra. 

21. Felt a> naoal. Sleep as good as naoaL 6 hn. 

22. Felt as uaoal. Sle^ as good aa osuaL 8 hrs. 

23. Felt aa usuaL Sleep aa good aa usuaL 8 hra. 

24. Did not fed aa wdl in the f.m ., being quite tired. Did not alecp qoite 

aa well aa uanaL 7.6 hia. 
26. Slight headache all day. Slept aa weQ aa uauaL 7.6 hra. 

26. Slight headache all day. Slept as weU aa usuaL 7.5 hra. 

27. Felt aa well aa usual during day. Did not sleep qoite as well aa usuaL 

8.6 hra. 

28. Felt aa usual during the moming. Slept aa well aa ubd^ 8.5 his. 
11 
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Subject 7, M., 19, 153, Moderate Uier 
Feb. 10. Feeling as usual. 81^ a little bett«r tluui uraal, 7.5 bn. 

11. Qnite iratnj in forenoon and earlf afternoon. Later felt as nenal. 

Slept brokenlf, but longer than usual, 9J! hrg. 

12. A little drowaj about noon. Later aa usual. Slept as usual, 7£ bra. 

13. Ilore tired than usoal to-daj. Slept unbrokenlT' for 6JI bra. 

11. More tired than usual. Slight headache. Slept 7 hn., more aoandlr 

than UBoaL 
16. Am feeling a little tired, more than nsuaL Was qoite sleepj in the 

aftemooo. 81q>t aboat 8 hrs., which is a little more than nsnaL 

Slept evenl7 and a little better than usual. 
16. Fdt better than usual dnzing the day. Slept better than nanal, fer 

9 his., nnbrokwlj. 
IT. Felt better than osnal during day. Have slight headache now. Slept 

about aa usual for about 9 hn. 
18. As Biual during the day, ex«pt for alight headache at the beginning 

of the formoon, whidi steadily diminished. Slept about as nsoal, 

for 7.5 his. 

10. Felt very sleepy during the day. Have a sli^t headache now (6:S0). 

Slept 9 hours, about as nsnal. 
SO. A little drowi? In afternoon and headache in evening. Slept about as 

nsoal for 7 bis. 
81. Felt better than usoal during day, but hare slight beadaehe this 

evening. Slept a little better than usual for 9 brs. 

22. Felt a little diowsy in afternoon, otherwise a little better tban usual. 

Sl^ about aa usual for 10 hrs. 

23. Felt about as usual during day eieept for slight headache toward 

evening. Slept 8 hrs. aboot as well as usual. 

24. Better than usual during day with sli^t headache toward evening. 

Slept better than usual for T.S hrs. 

25. Aa usual during morning with headache in afternoon, Btapt about as 

ususl for 8 hn. 

26. Felt very badly all during the day, which is not as nsuaL Have an 

intense headache now. Slept as usual for about 9 bra. 
87. Fdt as usual to-day. Slept a little better than usual for about 8 hn. 
28. Felt a little better than usual to-day. A little blue toward evening, 

with a slight headache. Slept about as usual for about 7 hn. 

Subject 15, F., 34, 108, Occasional User 
Feb. 10. Felt and slept about as osnal. 8.8S hn. 

11, Felt better and more rested tban I have since the teets began. Blqit 

6 hn. as well as usual 
18, Felt and slept about as wdl as usnaL 8 his. 

13. As well ss usual ezeept at 10:00 i.u., when I was nervous on aooonnt 

of the baby crying eo for me. Slept aa usual, 8 bra. 

14. Perhaps a little more tired than yesterday. Didnt sle^ so well as 

usual. 7 hrs. 

15. Slept and felt ss well ss usual 

16. Began aa usual bnt got tired and nervous in the afternoon. Sl^ aa 

nsnal, but now have unpleasant dreams oftenei. 8JS hrs. 
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17. Ab well u usiud and mneb lara tired than yesteidaf. Did Dot sleep 

as well as lunal on aeeoiint of the wind. B bra. 

18. Felt as oaoa]. Not tired at all aa I kh aome evenings after tlie daj'a 

vork. Slept as usual. T.S bra. 

19. Felt and slept as usual to-day. S bra. 

20. Felt as well as usual vntil 5:30, then I had a slight headache. Did 

not Bleep quite so well as usnaL 7.S hn. 
81. ( — )* As well as nsual. Hj eyes have been troubling me a great deal 

for the past week. Slept as well as qbosI. 8 hrs. 
82. As well as nsual excepting a slight headache in afternoon. Sleep «s 

good as usual. 8 hrs. 
23. Fdt don an day, and had headache at evening test. Slept as well as 

nana! after I got to sleep, but was kept awake later with the baby. 

Also had headache^ 7 bra. 
84. ( — ) Fdt as well as usual. Did not sleep aa well as naoal and bad 

bad dreams. 7J( hrs. 
89. Aa well as usual, but tirad at the last test. EQeep as uanaL 9 hrs. 
80. Fdt aa usual all daj. Slept aa well as usuaL SJi hn. 

Svhjeci 3, P., 39, 159, AhstwMr, Squad III 
Feb. 10, 1 gr. sugar, 1:00 T.u. with Inneb. (Morning) Fed as usual to-day. 

(Evening) Feel as osoal, not mneh tired. Went to bed at 10:80, had sUght 

Bore throat and slept poorly. Woke at 6:46. 
Feb. 11, 1 gr. eaffein, as above. (Morning) Fed all rigiiL (Evaning) Felt as 

usual all day. Slept better than last night, went to bed at 11:00 and woke 

at 8:80. 
Feb. 18, 1 gr. sugar, as above. (Morning) Fed as usual this morning. (Evm* 

ing) Uofe tired than nsnal. No other difference. Went to sleep at 0:18, 

woke at 0:30. Sl^ poorly the latter part of the night. Bleep not eo good 

Feb. 18, 1 gr. caffHn, as above. A little tired this morning. (Evening) Less 
tired than this morning. Fdt as usual to-day. Went to bed at 10:30, woke 
at 6;4S. Slept better tban ni^t before but not bo well aa usual. 

Feb. 14, 2 gr. sugar. (Morning) fed aa usual (Evening) Less tired than 
yesterday and day btlon. Otherwise as usual. Bed at 10:80, woke at 
6:80, did not sleep es well as usual the latter part of the ni^t 

Feb. IB, 2 gr. eaffein. (Morning) Fed as usual. (Evening) Fdt as usual all 
day, bed at 10:30, woke at 0:30, did not sleep as wdl as usnaL 

Feb. 16, 2 gr. sugar. (Morning) As usnal this morning. (Evening) Fdt as 
usual all day. Slept nlmost as wdl es nsnal (B hr«.), woke with a di^t 



Feb. IT, £ gr. eaffein. (Morning) ( — ) As usnal this morning. (Evening) No 

headache since noon. Slept as wdl as nsnal, 7.G hrs. 
Teb. 18, 3 gr. sugar. (Morning) As usual. (Evening) Unusually tired this 

afternoon and sleepy. Feel better in evening, after short rest. Slept from 

11 :00 to 6:30, as wdl as usual. 
Feb. 19, 8 gr. eaffein. (Morning) As usoaL (Evenfaig) Leas tired than usual 

Slept from 10:00 to 6:30, as well as usuaL- 
Feb. 20, 3 gr. sugar. (Morning) Fed all right. (Evening) Tired and DSivons 

after lunch, fed all right this evening, and aa usual. Slept as well as usual, 

from 11:20 to 6:80. 

* These marks ( — ) indicate beginning and end of menstrual period. 
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Feb. 21, 3 gr. caffein. Ftit a trembling seoflatLon all daj, more notieeable tbii 

sftemoon. Otherwise aa nsnal. fflept 7.S hn. aa w^ ae ubiuL 
Feb. 22, 4 gr. aagar. (Morning) As lunaL (Evening) Aa nanal all daj. ( — ) 

Sl^t 8 bra. verr well, aa Dsnal. 
Feb. 23, 4 gr. ealfein. (Homing) Aa oanal. (Evening) Uore nervona than 

uanal after lotiel). Otherwiae as oaaaL Slept 8 bra., well as naoaL 
Feb. 24, 1 gr. angar. (Uorning) Nomud. (Evening) Have felt aa raoal to-day, 

have not been BOTona, as waa ttie ease jeaterdaf. Sl^t 8 hn. aa wdl 

as oanal. 
Feb. 26, 4 gr. caffein. (Morning) Feel all right thia rooming. (Evening) Aa 

nanal to-da;, slept from 11:30 to 6:4S. 
Feb. 26, e gr. sngar. (Morning) Feel as usaaL (Evening) Drowaf in the after- 
noon, slept as usual, but over 9 bra. 
Feb. 27, 6 gr. caffein. (Morning) As uanal. (Evening) SUghtlj dii^ at 1:45. 

Been nervona daring the afternoon. Babj kept me awake until 12. Gonldnt 

go to sleep before 1:00. Slept poorlj until 6:30. 
Feb. 28, 6gr. sugar. (Morning) Feel all ri^t (Evening) As naoal all daj. 

Slept alinoat as well aa naoal, 6.S hra. 
Uareh 1, 6 gr. caffein. (Morning) Feel aa nsnal, all forenoon. (Evening) 

Have been nervous and unsteady this afternoon, slept from abont 11:00 to 

!40, and abont as weU as usnaL 
March 2, 6 gr. sugar. Felt as usual to-daj, except that I seemed to have leM 

energy after abont 12:00 o'clock. 

QenenU Result. — Nervous feeling from doses of 3, 4, and 6 gr. of 
caffein. Suggestion of dizziness and sleeplessness following the first 
6 gr. dose. 

Subject 9, M., 21, 130, jlbjiomer, Sqwid III 

Fab. 10, 1 gr. sagw, 1:00 p.k., with lunch. (Morning) Aa well aa oauaL (Even- 
ing) Aa usual through day. Zjoat three honia aleep dne to aereoming of 
woman in aame apartment house. 

Feb. 11, 1 gr. caffein, as above. Aa usual throughout the day. Slept as usual, 
7 hra. 

Feb. 12, 1 gr. sugar. As usual all day. Same for sleep. 

Feb. 13, 1 gt. caffein. Aa usual all day. Same for sleep. 

Feb. 14, 2 gr. sngar. As nanal all day. Same for aleep. 

Feb. IS, 2 gr. eaffun. As usnal all day. Same for sleep. 

Feb. IS, 2 gr. sugar. As well as usnal, drowsy all day, especially in the fore- 
noon. Slept as usual 

Feb. 17, 2 gr. caffein. Felt aa usual. Steep poorer than naoal, slept only ejS hia. 

Feb. 18, 3 gr. augar. Sleep and condition same ns utoaL 

Feb. 10, 3 gr. caffein. Everything aa usnaL 

Feb. 20, 3 gr. angar. Felt aa usual. Slept better than naaal, 7.6 hra. 

Feb. 81, 3 gr. caffein. (Morning) As well M nanaL (Evening) A little nervona 
in the afternoon. Bl^ 7.5 hra. and as well as nsnaL 

Feb. 22, 4 gr. sugar. Everything as usual 

Feb. 23, 4 gr. caffein. (Morning) Well as usuaL (Evening) Pain in atomaeb 
in afternoon, also very nervona. Slept aa usual. 

Feb. 24, 4 gr. angar. Everything as naoal. 

Feb. 85, 4 gt. caffein. Everything aa nsnal. 
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Feb. 20, 6 gT. Nigar. ETOTtbing u oBoal. 

Feb. 27, 6 gr. caffein. (MoraiDg) as hbuaI. (Erening) Nervous in the after- 
noon. Slept u DfliiaL 

Feb. E6, e gr. sugar. Ev^Tthing as uaual. Slept two boura in the afternoon. 
Evening sleep aa ninal. 

March 1, 6 gr. cafFein. (Morning) As usual. (Evening) Nervoni in the after- 
noon. Did not edeep well (lost three hoars' sleep on account of a robber in 
the house). 

March 2, sugar. As well as usuaL Sle^y in afternoon. 

General Eesult. — NerroosiiGss for doses of 4 and 6 gr. No indi- 
cations of sleep distnrbance as result of caflein. Stomach pains men- 
tioned once, after 4 gr. caffein dose. 

Subject 14, M., ZT, 193, Occasional User 

Feb. 10, 1 gr. sugar, 1:00 P.K., with lonch. Felt almost ordinarr to-day (this 
subject had been having a bad cold). Cold is disappearing and nose bleed 
has not bothered me anj. Slept as usual, 8 hrs. 

Feb. 11, 1 ST. caffein, U above. No difficulty this morning. (Evening) Have 
felt better to-day than for a week. Slept better than usual for 8 good honn. 

Feb. 12, 1 gr. sugar. Slight headache about 9:30 a.m. (Evening) Feel better 
than usual, and have all day. Slept as usual for S hrs. 

Feb. 13, 1 gr. caffein. (Morning) Feeling better than nsnal, or at least better 
than first wed of experiment. (Evening) As usual all day. Slept as usual 
for 8 hra. 

FiA. 14, 2 gr. sugar. (Morning) Left ear slightly inflamed and sore. (Evening) 
With exception of my ear, whieb is feeling bett^ this evening, I have felt 
normal all day. Have a slight heartburn late this evening, but not sufficient 
to make me feel worse than usual. Slept better than normal for 9 hn. 

Feb. 15, 2 gr. caffein. (Morning) Ear about as yesterday. Dropping sweet oil 
in it. (P.u.) Feel jut a little tired this evening, especially in the arms, 
due, I think, to the tapping tcet, which seems to tire me. Would say not 
qnite normal. Sl^t as usual, for 7 hrs. 

Feb. 16, 2 gr. sugar. (Morning) Tonsil still swollen slightly and left ear still 
sore (prescriptions given by medical assistant for ear, throat and general 
system). Felt somewhat dull all morning. (Evening) Found that I was 
able to do some fair studying from 1:30 to 3:00 p.m. and during the labo- 
ratory periods. I do not feel as full of energy aa ia uonnal for me. Slept 
worse than naua], for 8 hrs. Woke up several times. 

Feb. 17, 2 gr. caffein. Fdt bad all day, but not partienlarly dull. Ear docs 
not bother me any more. Have a sort of heartburn. Since I have not bem 
taking regular eserciae I started in with a run at the gym before the 5:30 
test and think the heating up entered into my evening records. Slept not 
qnite normal for 8 hrs. 

Feb. IS, 3 gr. sugar. Hare not fdt normal to-day, due to my extremely sore 
throat Bnniing aenaation away down in my throat all the time. Have a 
feeling of fatigue. Slept well for about 7.S hrs., better than on two former 
nights, BO almost norual. 

Feb. 19, 8 gr. caffein. (Morning) Felt much better than yesterday. (Evening) 
Felt aa usual to-day. Ear and throat better. Do not fed fatigued as last 
night. BIq>t normal for 7.6 hrs. 
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Feb. 20, 3 g:r. sugar. Felt aa usual for the day. Ear and throat still aore. Not 
particnlarlj bright so far as iutelligeoce goea. Seemed hard for me to 
follow eases in Ian claw at 2:00 p.u. Slept u uiiuJ for 7 hra. 

Feb. 21, 8 gc, c&ffein. (Uoming) Uj eyea are tired and rather etrained. 
(Evening) Felt normal to-daj, but eyee eoatinoe tired. Slept better than 
usual, and was also better able to study than nsnal in the late evening. 

Feb. 22, 4 gr. sugar. Normal all dar. Eyes not quite bo tired. Sl^t better 
than usual, for about 7 hre. 

Feb. 23, 4 gr. caffelo. (Moming) Felt better than usual all morning, and np 
until about 2:30 F.if., when I began to feel ratber shakf, nervona. Through 
the teat I felt queer and wanted to get outside and wear off my Dervousnets. 
No headache, but the muscles of mj arm seem sha^. Don t eaem to have 
the UBual control over them. Feel a Und of burning sensation from m7 
etomach and on op to my throat. Slept as usual for 7JS hrs. Was awakened 
once along towards morning, but had no trouble in going back to eleep again. 

Feb. 24, 4 gr. sugar. Felt quite normal all day. Have not felt nervous as yester- 
day afternoon. Slept for 8 hrs., about as usual. 

Feb. 25, 4 gr. caffein. J felt, I should say, better than usual until this after- 
noon, about 3:00 p.u. However I did not feel so nervous as day before 
ymterday afternoon (Feb. 23), until during the lost test (9:30-6:30 P.U.). 
My lower arms feel sort of wobbly as before. The average for the day 
would be about normal or a little below if anything. EQept as nsual for 7 hrs. 

Feb. 26, 6 gr. sagar. Felt normal all day. No nervonsneas in forearms as on 
■ome other afternoons. Slept as usual, 7 hrs. 

Feb. 27, 6 gr. caffein. Felt normal all day until about 2:00 p.u. I was trying 
to read some easee in Constitutional Law and suddenly found that I was 
making little headway. Noticed a headache come on me which gradually got 
worse until about 3:30 p.ii. Head ached in front above my eyes. Uy ears 
burned and are still burning. This is the first time I have had a headache 
during the experiment. I don 't remember having bad a headache for several 
months. After 4:00 P.u. I got out in the air with Amee and walking down 
to 125th St. we bowled a couple of games. During the flnrt game I was 
suddenly conscious that my head was not aching. I now fed much better 
except that my forearms feel nervous and my ears ore still burning. Have 
also, since 5 :30 been feeing slightly sick at the stomach. Slept as usual for 
a little over 8 hrs. 

Feb. 28, 6 gr. sugar. Nothing unusual or exciting to-day, except the fact that I 
felt awfully drowsy while studying here in the laboratory from 2 to 3 P.u. 
On the whole have felt quite normaL Slept floe for a good hrs. I do not 
have any difficulty in going to eleep, nor has mj sleep been restless. Have 
always heard that coffee kept one awake and caused them to awaken during 
the night. I have had no trouble in going to sleep, and my eleep has, almost 
without exception, been sound. 

Uarch 1, 6gT. caffein. Felt normal up to about 3:30 P.u.., when X began to feel 
somewhat nervous, but not nearly so bad as on former days, and partienlarly 
day before yeeterday. Went to the gym 4 to 5 p.u., and while feeling very 
near normal now (S:30) I am weak and the muscles of my lower arms feel 
peculiar and unsteady. Slept a little lees than 7 hrs., and not quite as well 

March 2, sugar. I have felt normal all day. Have not felt any marked nwvoQS- 
nees as on some previous days. 
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Qeneral Result. — No indications of impaired sleep. Nerrouaness 
after doses of 4 and 6 gralnB of caffein. Soggestions of heartbom 
and stomach pains after large doses. Headache after 6 gr. 

Subject 5, F., 105, Regular User, Squad TV 

Feb. 10, 1 gr. angar, middle of aftornoon. M7 head has felt dnll all day, bnt 
was more dear just at noon than at any othw time. (Evening) Feel more 
tired than usual. Slept 8 hrs., about as well as uanaL 

Feb. II, 1 gr. eaffein. About aa uanal to-da7. Sleepj and tired in evening. 
Slept 7 hit., and about as niual. 

Feb, 12, 1 gr. sugar, as above. Abont ae usual all da7. ( — ) Slept qnite well, 
usual time. 

Feb. 13, 1 gr. caSeiu, aa above. Felt about aa usual. Verj stupid Just after 
lunch. Did not sleep as well aa naoal owing to commotion in the neighbor- 
hood. About 6.5 hrs. 

Feb. 14, 2 gr, nigar. To-da; I have had to forM mTsdf more than usual to try 
to ke^ up to m; ordinary work. Am so hungry just now that my head 
aches, and I feel all gone. (Evening) Felt pretty well, bnt could not go to 
sleep till after midnight. Then slept na well m nsuaL 

Feb. 15, 2 gr. caffein. (Morning) Felt about as nsuaL (Evening) A little light- 
headed and dissy this afternoon. During the last few tests I was very faint 
and had a queer sick feeling at times. Uy month felt quite as if the saliva 
would start faster than I could swallow it and my limbs hM a nmnb feeing 
after I reached home. Went to bed directly after dinner and rested as wdl 
as DSuaJ, sleeping about 9.S hrs. 

Feb. 16, 2 gr. sugar. (Morning) A bit weak and light-headed. During the early 
part of the day I felt very tired, Theee feelings gradually wore ofl and 
this evening I feel pretty well except a little more tired than usual Slept 
about as usual, for 8 hrs. 

Feb. 17, 2 gr. eaflein. All day have felt very dnU. During the middle of the 
day my head ached quite a little bnt toward evening it cleared up soma, 
although it still aches. Dnring the early evening this headache grew mnch 
worse, the tense feeling at the back of the bead made it feel as if something 
wonld burst. By taking a very hot bath I managed to relieve it somewhat, 
bnt slept much worse than usual, for about hrs. 

Fiib. 16, 3 gr. sugar. All day have had a very tense feeling at back of hea4 
Just before lunch my head felt as if something in it would snap. After 
resting this feeling was rslievsd but is not all gone. My throat is somewhat 
sore to-night. Slqit as usual, T hrs. 

Feb. 19, 3 gr. eafCein. Head baa felt lame all day, not enough to call a head- 
ache except just aft«r lunch, when it felt very drawn and tight. Much 
better after resting. Sl^t aa usual till 5 AM., when aroused by noises in 
the court. 0.76 hrs. 

Feb. 20, 3 gr. sugar. Felt quite normal to-day, very llttl* of the tight Ceding in 
my head. Slept as usual, abont 8 hrs. 

Feb. 21, 3 gr. caSein. Felt better than usual to-day. Slept as well u oiual, 
8 hrs. 

Feb. 22, i gr. sugar. Felt about aa usual to-day, except Just after loneb, wlian 
my head had qnite a little of that drawn feeling at the baek. Slept not 
qnite u wdl as usual, for abont 7 hn. 
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Ftib. 23, 4 gr. caffein. (Morning) Abont u nauaL (Evening) This aftonioon 
daring tbe last two t«sla I have felt esuted and mj trflmblf. Hj aima 
feel verjr weak and it ia hard to emtrol the miudea. In waUung back from 
home for the 3:00 o'clock teat I felt light-headed, bat otherwiae perfectly 
welL Did not aleep quite aa well aa umal, could not go to sleep for aome 
time after going to bed. About 6 hra. 

Peb. 21, 4 gr. angar. A cold ia mj head haa made it very hard to eoDcentrate 
to-day. Congealed feeling in the head, and since the latter part of the 
afternoon my head baa ached a little, oa well aa every bone in my body. 
Am very tired thia evening. Slept very aoundly, and better than nanal, 
aboot 8.5 hra. 

Feb. 8S, 4 gr. caffein. (Homing) abont aa oauaL (Evening) Jnat aftw Inneh 
woa very aleepy and doll. Very nervona during the Isat teata on account of 
a viaitor to the laboratory. Slept much woraa than uanal, could not eloae 
my eyea for aome time and had a drawn feeling at the back of my bead 
again. Very nervona and did not go to sleep till after 1:00 o'clock, then 
alapt for about 4.6 hrs. 

Feb. 26, 6 gr. sugar. AU day havo been exceeding tired, just after lunch fdt 
almost eshaoatad and very sleepy. Drawn feeling at back of bead. Slept 
aboot as nanal, but awak^ied with a very bad headache. 

Feb. 27, 6 gr. eaftein. (Morning) Head ached verj hard all morning, the pain 
being haidest juat after lunch. (Evening) All the afternoon, while my head 
haa been better, I have felt voy weak and light-headed and even aort of 
faint. Arma and limba have had a numb sort of feeling, and have been very 
cold. After resting at 1:30, on getting up found the veins in arms and 
band very awoUan. Felt very weak all daring the evening, and for awhile 
my ears felt aa if something in them would burst Betired early but could 
not go to sleep for a long time, not till midnight. Slept very lightly about 
S.S hra. 

FA. 26, 6 gr. sugar. Have been abont aa nanal to-day, was unable to take my 
usual afternoon 'e sleep, being perfectly wide awake. At night was wakeful 
for a short time, then alept about as usual, 7 hrs. 

March 1, 6 gr. caffein. (Morning) Some tired, but felt all right otherwise. 
After lanch, while at home, began to fed badly, my head felt very light 
and my arms and limbs numb. Brain unusually active, eo much eo that it 
gave me a wild kind of feding and I did not like to stay alone. (Evening) 
After coming back to the laboratory the light-headed feeling grew worse. 
I scarcely knew what I was doing and my limba were very cold. It waa 
extremely hard for me to breathe, and the beating of my heart seemed to 
choke me. Was very restleaa at night, did not go to sleep till after midnight, 
and then awakened a number of times for just a few minutes. Dreamed all 
night. Slept worae than uaual, for abont S.5 hia. 

March 2, sugar. Have had some sore throat all day, and have been tired, a little 
mora so tlmn nanal. 

Qeneral Beault. — The symptonu reported by this subject -vren 
all present in her accounts of the fitst week during which sn^ar 
doses only were given. That she was veiy nerroos and quite un- 
fitted for the strennoos life required doring the experiment is obn- 
oos. Several spells characterized by fainting and chill and nnmb- 
nes8, occorring daring the conrse of tlie experiment, reqiiired the aid 
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of tlie medical adviaer. Ttaeee attacks oceoired on control days as 
well ae on caffein days. The drawn feeling in tlie head, the tense- 
ness and difficolty in sleeping were present before the caffein doses 
began. This condition was no doubt aggravated by the severe strain 
of undergoing the teats, bnt it is also obvious that all the symptoms 
were intensified by the lai^r caffein doses. The drawn feeling in 
the head was more pronoonced and the numbness and coldness and 
lightheadedness are more frequently mentioned and seem to have 
been more annoying. Impairment of sleep on cafiEein days is also 
apparent for doses larger than 2 gr. 

SiAject 6, P., 33, 125, Begvlar User, Squad IV 
Feb. 10, 1 p. mgu, middle of eftonuraiu Felt nuaeated aU moming, bnt m 

nmial again at 6:30. Etsb tired. Slept well aa imiaL 7 hn. 
Feb. 11, 1 gr. caffein, bb above. As uanal. Did not feel at all tired notil tbe 

tevt hour. Slept u umal, for 7 hra. 
Feb. 12, 1 gr. nigar. As nsiiaL Slept well u twnal from 11 to 2. Very brokenly 

from then to 6:30. Think it was dne to nerroimeee from being alone. 
Feb. 13, 1 gr. caffein. Fdt and sl^t aa well an nsnaL 7 bra. 
Feb. 14, 2 gr. angar. Felt and alept aa well as naoal. 6 hra. 
Feb. IS, 2 gr. caffein. As oanal eiiiept for aching and weakneea in arm. Slept 

aa well oa usual, but for only 5 bra. 
Feb. 16, 2 gr. angar. Aa nana] except yery aleepy, probably dne to logs of sleep 

last night. Slept aa oaual for 6J bis. 
Feb. 17, 2 gt. caffein. Unoanally sleepy abont noon, probably doe to the weather. 

Sl^t better than usnal, for hn. 
Feb. IS, 3 gr. angar. Everything ae naoal. Arms feeling better. Slept aa osnal 

Feb. 19, 3 gr. caffein. No change, except nnneoslly ahahy in my arma. Slqtt 

aa nana], for abont 6 hrs. 
Feb. 20, 3 gr. sogaT. Very aleepy abont noon, but feeling as nenal at 6:30, 

Anna steadier than yeaterday. Slept aa nonal, abont 6 hrs. 
Feb. 81, 3 gr. caffein. Btsvere headache dnring the first honrs of the day. Fdt 

ae though I had a tight band round my head. Aa usual at 6:30. Slept 

better than nanal, for 7 hn. 
Feb. 22, 4 gr. engar. Aa oanaL Slept better than nsnal for 7.S hrs. 
Feb. 23, 4 gr. caffein. As nansl until the last period. So weak and thaky doring 

that hour that I could scarcely control any mnaele in my body. Also a 

choking sensation in my throat. Head hot and handa and feet cold. Slept 

more eoundly than usual, for 7.5 hra. 
Feb. E4, 4 gr. sugar. Felt very miaerable aU day without any decided pain. 

Aching in back and limbs, a little headache tbrougb my temples, a dimness 

in my vision at times, and my head hot and hands and feet cold were the 

chief ebSTMteoristiei: Hy nerves seemed to be on a strain all the time. 

Slept as usual, for about 8 his. 
Va>. 8S, 4 gr. eaffrin. Felt some bstter than yesterday. Slight headaehe during 

the middle of the day and weakness in arms and back all day. Very ntnoxm 

during the last period. Think it wm due to visitors watching the tests. 
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Slept veiy lightly u>d brokmilj, for about 6 fan. Extremely serrouB aU 
night, with pain in beck of head. Betired at 11:00 but eonld not go to 
sleep foi more than an horn, vhich is unuauaL 

Feb. 26, 6 gr. sugar. A little nerrous all day and some pain in the back of my 
head. Slept better than the night before, but not so soundly as unaL 
About 7 hrs. 

Feb. 27, 6 gr. caffein. Tense feeling in baek of head all morning. Felt better 
doriug the middle of the day, but extremely nerroM dniing the lost period, 
with weokneoa in arms. Also choking sensation in throat. Slept very 
lightly and brokenly for about 7 hn. Eztreni«ly nervous all night. 

Feb. 28, 6 gr. sugar. Have felt some better to-day than yesterday but not quite 
normal. A little nervous all day. Slept better than previous night, but not 
so well as osnal, for about 7 hrs. 

March 1, 6 gr. caffein. Some pain in back of head during early morning. Teiy 
nervous from 12:00 to 1:00 with choking senaation in throat. Felt better 
at the 3:00 o'clock hour but a little nervons during the Utter part of the 
day, due, I think, to an attack of nervooanees on the part of another subject. 
Betired at 10:30, but was so nervous and wide awake that I could not sleep 
until after midnight. Tense feeling with some pain in baek of head. Slept 
fairly well for about fl.6 hn. 

March 2, angar. Some pain in the back of my head during tbe earlier morning 
houra, but have felt as well as usual during tbe rest of the day. ( — ). 

QenertA Result. — The prominent symptoms mentioned by this 
SQbject are more pronoonced on caffein days than on control days, 
but corioasly occur aa often and aa markedly before the dose was 
taken aa later. The symptoms that seem to characterize the periods 
after the caffein dose are choking sensation, hot head and cold ex- 
tremities, nervoosness and weakness in arms, which symptoms do 
not especially characterize the post-caffein period until the i and 6 
gr. amounts are reached. Sleep disturbance is not clearly present 
until after the 6 gr. dc«e is given, where it is apparent. 

Subject 10, M., 28, 157, Occomonol TJser, Squad IV 
Feb. 10, 1 gr. sugar, mid afternoon. Felt aa nsoal all day. Slept worse thaa 

usual for no apparent reason. 6 bra. sleep. 
Feb. 11, 1 gr. caffein, as above. Felt as usual. Slept better than usuaL 8.6 hrs. 
Feb. 12, 1 gr. sugar. Felt and sl^t as usuaL 7.5 hrs. 
Feb. 13, 1 gr. caffein. Felt and slept as nsoal. 7.S hrs. 
Feb. 14, 2 gr. sugar. Felt as usual. Slept better than nanaL 8 hrs. 
Feb. 15, 2 gr. eafCein. Felt and slept as usuaL 7 hrs. 
Feb. 16, 2 gr. sugar. Felt and slept as uauaL 7.5 hrs. 
Feb. 17, 2 gr. caffein. Everything as nsnaL 7 hrs. 
Feb. 18, 3 gr. sugar. Everything as usnaL 8 hrs. 
Feb. IB, 3 gr. caffein. Everything as usual. 7.6 hrs. 
Fd>. 20, 3 gr. ngar. Felt aa osoaL Slept poorly for 6 hrs. 
Feb. 21, 3 gr. caffrin. Felt as osnaL Slept worse than usual, BS hn. 
Feb. 22, 4 gr. sugar. Everything as usual. Slept 8 hrs. 
Feb. 23, 4 gr. caffein. Felt worse than nsnal since 2:00 pji. Have had a disn- 

ness in the head and arm is quite nervons. Slept about as naoal for 7 hra. 
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Feb. S4, 4 gr. angar. EverTthiag u nsuaL Sl^t 8 hn. 

Feb. 29, 4 gr. ofleiiL Felt worse thui amaL Experienced aervonsneee and 

dicziiieei, wbicb begBo abont SilS i>.m. Slept sa vsaal, 7.6 hn. 
Feb. 26, 6 gr. sugar. Felt and elept ai nnuJ, 7 hni. 
F^. 27, 6 gr, oaffein. Feel wone than neoaL Have bad a serere beadaebe 

since about 3:00 p.m. Slept wane than uanal on acoount of headache. 3 bra. 
Feb. 28, 6 gr. ngar. Felt and slept about as nsuaL 7 hia. 
March 1, 6 gr. eaftein. Felt ae nsiia]. Never slept anj. I know no cause, jnat 

sleeplMS. 
Marcb 2, sugar. About as usnaL 

General Besvlt. — The introspective reports show no caSein influ- 
ence ap to the time of the 4 gr. doees. At this point nerroasness 
and dizziness are reported. No sleep impainoent. After 6 gr. caf- 
fein doses headache is reported and there is mailed sleep impair- 
ment 

Subject 11, F., 27, 110, Abstainer, Squad IV 

Feb. 10, 1 gr. ngar, mid-aftemoon. Subdued headache till after loncb. Beet 
of ixj as oanaL Slept S.S bra., more sonndlf than usnaL 

Feb. 11, 1 gr. caSein, aa above. Felt as tunal till afternoon. Had slight head- 
ache, felt irritable but f riskj. No desire to reat as I naoallr do for half 
honr after 1:00 o'clock. Slept as nsuaL 8 hrs. 

Feb. 12, 1 gr. sugar. Felt as usual all daj. Slept as nsnaL 8 hrs. 

Feb. 13, 1 gr. caflein. As oBual all iAj except for slight headache in eailj after- 
noon. Fonnd it hard to sleep. I«7 awake for not leas than 1 hour. Awoke 
alwt but tired. Abont 7 hrs. 

Feb. 14, 2 gr. sugar. As usual all daj neept for aleepineas. Slept as naual, for 
abont 8.5 hn. 

Feb. IS, 2 gr. caffein. Felt oa usual till 2:00 F.h. Felt than confused and faint 
a few minutes, then the feeling passed away. But had intermittent returns 
followed by palpitation of heart during afternoon. Sensations such as fol- 
low shock of some sort. Blept O.S hrs. deep, doll sleep, not ae usual, felt ill 
all evening,, was feverish and shaky, bad aensationa of sinking during 
the night. 

Feb. 16, 2 gr. aagar. Felt weak and ill all morning. Afternoon better, but still 
shaky. Some palpitation of heart and dull headache after 2:00 p.m. Severe 
headache in evening. Slept more eoondly than uanal, for hi*. 

Feb. 17, 2 gr. caffein. Felt eomewhat duller than nsiial during the morning. 
Headache gone. Especially brisk abont 3:00 f.h. Sinking sensations 
mildly felt about 5:00. Seemed to be intermittent. Aa well aa usual in 
evening. Slept as well as usual, 8 bra. 

Feb. 18, 3 gr. sugar. Feit and slept as usuaL 8 bra. 

Feb. 19, 3 gr. caflein. Felt shaky about 3:00 P.u. This continued off and on 
until 6 : 00. No feeling of illness. As usnal during evening. Sl^ as well 
as Dsoal for 8 hrs. 

Feb. 20, 3 gr. sugar. Felt as usual all day. Slept better than nsoal, 9 hn, 

Feb. 21, 3 gr. caff^. Felt as nsnal till afternoon. Was contused from 2:00 
to 3:00. Noticed some muscular trembling during afternoon, slept poorly 
for abont 7 hrs. Exciting dreams. 
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Feb. G2, 4 gr. engar. Ab niasl till noon. From sbont 1:30 to 3:00 felt eseiUble. 
Heart beat very fast. Felt tired after 4:00, bat otberwise m usnal. Head- 
ache during evening. Slept nM>re eonndlf than usual. 8 hn. 

Feb. 23, 4 gi. caffein. Felt as nmial all moniing. Very drowsj about 1 :00 and 
nnumollj itupid. Went out of dooia about 2:00 and felt aa oaual till the 
3:10 teat, then noticed unusual alertneas. Continual overflow of spirits till 
4:00. Then I noticed rapid heart beating which felt imeotnfortable. Sudden 
pertpiration followed I17 depremion and apprehension. Felt abakj at S:80, 
but as usual otberwise, and no sensations of illness or diaeomfort. Felt 
vetj irritable all evening. Calculated on 8 hoors' sleep, but was wakeful 
and slept more lightlj than nsusJ, waking oft^i. 

Feb. 24, 4 gr. sugar. Morning headache. Felt tired and irritable (worse than 
usual). As usual all reet of da^, except for slight headache in earl;' after* 
noon and unnsnal sleepiness. Slept 8 hrs. more aoundl; than usual. 

Feb. SS, 4 gr. eaffein. Felt as usual till about 11:00 o'clock. Suddenlj felt 
dis^ and etnpid. Was decidedlj disi7 for over an hour. Had no ambition 
to move or think till about 2:00. Orsdoal rise of spirits till 4:00, then a 
period of exuberance, of good feeling. Fancifnl ideaa rampant. Had three 
sudden attacks of peispiiation. Gradual decrease of exhilaration bnt con- 
tinned sensations such as felt after shock. Trembling of meee and bands. 
Uneertaint^ as to troth of ideas, so feel cautious. Slept as usual for 8 hrs. 

Feb. 26, 6 gr. sugar. Felt as usual except for faint headache and dullness. 
DnU feeling passed *mj about 4:00 pj£. Severe headache in evening. 
Conld not sleep first part of night and was wakefol during the remainder. 

Feb. £T, e gr. eafleiu. Felt somewhat dull and had mild headache until about 
3:00 P.H. Was greatly elated about 3:30. After 4:00 felt quivering of 
muscles in arms and shaking of kneee. Sudden perspiration once. Uental 
confusion noticed from 4:00 to 5:00, after that sharp headache. Violent 
headache after dinner. Excitement subsided and was followed b; deep 
mental depression and lack of energy. EHept as usual for 8 hrs. 

Feb. 28, 6 gr. sugar. Fdt as usual till about noon, after which Z had a dull 
headache which continued till about 6:00 F.lf. Was unusually stupid during 
evening. Slept 8.5 hrs., as uaoaL 

Uareb 1, 6 gr. eaffein. Felt stnpid all morning bnt otherwise as usuaL Was 
exceedingly sleepy from noon till about 1:30. Had dull headache from 
11:00 to about 2:00. Began to feel excited about 2:30 and increasingly 
happy for an hour. Gradual decrease of excitement after 4:00 o'clock. 
Felt only aligbtly shaky at 6:30. 

Uarch 2, ( — ) Was excused from the day's wort. 

General Besult. — The symptoms headache, sleepmesa in d^ and 
sleeplessness at night, escitableneas and heart palpitation, alternat- 
ing iriitabilil? and dullness, mentioned so frequently in this re* 
port are on the whole as characteristic of sugar days as of eaffein 
d^B. (See February 10, 14, 16, 22, 24, 26, and 28.) It is however 
true that the minutely introspective tendency found in the part of 
the report given here does not characterize the daily records of the 
first week of the experiment during which only sagar doses were ad- 
ministered, although restlessness, frantic dreams and daytime lassi- 
tude are mentioned. But that these symptoms were more pronounced 
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on caffdn Axya is obvions from the greater detail found in the re- 
ports on those days and from the greater amoont of space taken for 
their description. 

The attacks of perspiration, the dizziness, muscolor qoivering, 
the feeling of briskness and exhilaration, and the feelings of appre- 
hension and distmat seem to be pecoliar to caffein days only, and 
are present after doses of 2 gr. and over. 

Subject 16, M., 24, 174, Begular User 
F«b. 10, 1 gr. angar, mid-afternoDii. Ab naual except for little cold in head. 

Slept better tbao nsnal for 7.85 bn. 
Feb. 11, 1 gr. caffein, aa above. Same as oBnal eie^t for cold. Slept better 

*littTi nanal, 7 lira. 
Feb. I£, 1 gr. sugar. Felt all right until within an hoar, when I felt slightlj 

"dippr," good deal the eame "wealdBh" feeling, as if I had Hiioked too 

long. 6.75 honra ' sleep, better than naoaL 
Feb. 13, ] gr. caffein. All right except cold in bead. Sleep better than nanal, 

6.75 hra. 
Feb. 14, 2 gr. angar. Normal Sleep (7.75 hn.) poorer than naoal. 
Feb. IS, 2 gr. caffein. Normal. A little stale mcmtaUr. Sleep better than nanal, 

7.5 hra. 
Feb. 16, 2 gr. aagar. Felt worse than nauaL Bleq> better than naoal, for 7.75 hra. 
Feb. 17, 2 gr. caffein. All right. In fact bnojont until 6:30, since which time 

I have had dnll headaehe. 7.75 bonre ' aleep, better than usual. 
Feb. 18, 3 gr. sugar. Same aa usuaL Head aomewhat dull in latter part of 

da^. 7.7S hours' tlteip, good as nauaL 
Feb. 19, 3 gr. caffein. Aa qbubI in morning. Headache between 2:30 and 3:30. 

7 hours' aleep, poor, a herd of nightmares. 
Feb. £0, 3 gr. sugar. Duller than usual. Headache lat« in P.u. Stomachache 

all A.M. Sleep better than usual, 7.5 hra. 
Feb. 21, 3 gr. caffein. As usual to-da^. Sleep (7.5 hrs.) better than usoaL 
Feb. 22, 4 gr. sugar. DnU headache, partienlarlf hard in p.m. Sle^ 6.5 fan. 

better than uanaL 
Feb. 23, 4 gr. caffein. As naoal thla a.m. Better than nanal from 2:00 to 

3:00 P.M. From then until S:00 nervous tremors as at end of race. Sleep 

better than usual, 7.5 hrs. 
Feb. 24, 4 gr. sugar. Everything better than osuaL 7.5 hrs. 
Feb. 25, 4 gr. caffein. Better than osnaL Shaky the last half honr. 7.S honrs, 

better than usual. 
Feb. 86, 6 gr. sugar. As usual until late this p.m., when bead ached for a couple 

of honra, 9 honra' sleep, worse than uanaL 
Feb. 27, 6 gr. caffein. As usual until 4:00 p.m., when better than nauaL But 

at 6:80 felt aiekiah and decidedly shaky all over. Sleep worse than uanal, 

for 7.2S hra. 
ZVib. 28, 6 gr. sngar. As osnaL Have a cough. 7.5 honrs ' ordinary aleq). 
Uareh 1, 6 gr. caffein. Aa naoal this A.M. But have been bothered lately with 

indigestion. Felt stimulated this p.m. Had nervous tremors from head to 

foot. Borne drowsiness. 7 houn' sleep, worse than usuaL Nightmaieo. 

Awakened at 1:16. 
Uarcb S, sngar. As nsnal. Coogh atiU present. 
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General Result. — No difference between caffdo days and control 
days up to time of 4 gr. dcaes. After 4 and 6 gr. doses of caffeiii 
shakiness and tremor present. No signs of sleep disturbance for 
amonnts leas than 6 gr., after which, Bleepleasness. 

Subject 8, M., S4, 144, Regular User, Squad II 
Feb. 10, 1 gt. engar, 10:30 A.ic. Feflling u naaa], exMpt for a alight hwdaeha, 

which hu been felt from time to time kU Abj. Slept as imal for about 

8 hn. 
Feb. II, 1 gr. aagar, m above. Feeling aa unuL Ble^ oot quite as good as 

naoal. 6 bra. 
Feb. 12, 1 gr. esflein, m above. Aa nsoal, except for alight headache, which may 

be due to a cold. Slept aa nanal for 7.S hrs. 
Feb. 13, 1 gr. eaffeiu. Aa usual, except for headache juat before Innch, Did not 

Bleep aa well «« neual. 7 hn. 
Feb. 14, 1 gr. caffein. As neual, except for slight headache at close of day. 

Did not sleep quite as well as uanaL About 7.0 hrs. 
Feb. 15, 2 gr. sugar. Feeling as oauaL Did not sleep as well aa usuaL About 

6JI hrs. 
Feb. 16, 2 gr. sugar. Feeling aa usual, except for slight headache just before 

noon. Slept as usual, for about 7.B hrs. 
Feb. 17, S gr. caffein. Aa usual, except for slight headache between 12:00 and 

1:00 o'clock. Slept as usual. 7.5 hrs. 
Feb. 18, 2 gr. caffein. Felt aa usual. Did not sleep as well >« ntoal. I awakened 

eevemt times during the night. About 7 hrs. 
Feb. 19, 2 gr. caffein. Fdt and slept as osuaL 8 hrs. 
Feb. 20, 3 gr. sugar. Felt and slept aa usual. 7.5 hrs. 
Feb. 21, 3 gr. aogar. Felt and slept aa uaual. 7.5 hni. 
Feb. 2S, 3 gr. eogar. Felt and slept as usual. S hrs. 
Feb. 23, 4 gr. caffein. As ububI, except for a headache which has recurred from 

time to time since about noon. EHept not quite so well as usual, for about 

7.6 hrs. 
Feb. 24, 4 gr, caffein. As usual, except for very slight headache during the earlj 

afternoon for about 3 hn. Did not Bleep aa well as usoal. About 6 hra. 
Feb. 20, 4 gr. caffein. Feeling as usual to-da?, except that I have felt a trifle 

stupid. Slept as well as usual for about 8 hrs. 
Feb. 26, 8 gr. sugar. Felt and slept as usual, about 8 hrs. 
Feb. 27, 6 gr. sugar. Feeling aa usual, except for slight headache between 12:00 

and 1:00 and after 6:00 o'clock. Slept aa oBual, for about 7.S hn. 
Feb. 88, 6 gr. sugar. Felt and sl^t as usual. About 8 hrs. 
March I, 6 gr. caffein. Felt as usual uutil about noon, when I began to feel a 

doll headache which lasted until about 1:00 o'clock. This returned about 

3:00 and haa remained ever since. I have been extremely nervous all after- 
noon and have felt feverish. Did not sleep as well as usuaL About 7 hn. 
Uareh 2, sugar. Felt as usual to-day, except for a headache since 3:00 P.u. 

Headache was not so bad as yasterdaj. 

OenenU Result. — The headache reported by this sabject on so 
many days seems to he chronic, and is present as frequently on con- 
trol days as on caffein days. (See Pehmary 10, 16, 27, and March 
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2.) But an caffeio days the headache U reported as continTiing until 
later in the day than osnal. Signs of nnusnally poor sleep after the 
4 and 6 gr. caffein doses. NerrousneBS and feverishness after the 
6 gr. amount only. 

Svhjeci 12, M., 24, 160, Regular User, Squad II 
Feb. 10, 1 gr. migu, 10:80 A.H. Felt u tuoal, slept worse tlian lunsl for 7.S hrs. 
Feb. 11, 1 gr. ingar, u above. Felt u nsasl, slept worse tfaan osaal for S.S hrs. 
Feb. 18, 1 gr. caffein. Felt and slept u nsual, 7.5 bra. 
Feb. 13, 1 gr. caffein. Felt and slept as osaal, 7.S brs. 
Feb. 14, 1 gr. caffein. Felt and slept aa usual, 7.6 his. 
Feb. 15, 2 gr. sugar. Felt aa usual Slept better than usual, 7.S hrs. 
Feb. 16, 2 gr. sugar. Had bad beadacbe during daj, which was probablr doe 

to » bad cold. Especially bad about 1:00 to 4:00 o'clock, bat somewhat 

better by 5:30. Blept as usual, for 7.5 brs. 
Feb. 17, 2 gr. caffein. Blight headache all day, especially bad at 5:30. May 

have been due to quinine, which was prescribed for my cold. Slept aa well 

as usual, for 7 hrs. 
Feb. 18, 2 gr. caffein. About as usual all day, though very nervous at the 12:00 

O 'clock session. Cause nnknown. Slept aa naoal, for 7 hrs. 
Feb. 19, S gr. caffein. Felt and slept as osnnl. 7 bra. 
Feb. 20, 3 gr. sugar. Felt abont as usual all day, though better than for the 

past few days. Am bef^nning to reeofer liom a cold and have not had any 

headache neh as has been bothering me for the last few days. Slept aa 

nmaL 8 hrs. 
Feb. 21, 3 gr. sugar. Felt and slept as uaual. 7J( hrs. 
Feb. 22, 3 gr. sugar. Felt like a "bone bead" all day. My head was dull more 

than aanal. Otherwise all right. Slept as nsual, 7.S bra. 
Feb. S3, 4 gr. caffmn. Fdt as usual until about 12:00 o'clock. Then I became 

very nerrons for some reason and had great trouble controlling my nervee. 

This uervonaneas eontinned until abont 4:30, at which time I began to feel 

better. By 6:00 Z fdt almost as well as usual. Cause unknown to me. 

Slept as usual, 7 hrs. 
Feb. 24, 4 gr. caffein. Felt aa usual, except at 12:00, when I had a headache, 

and at 5:30, when I was nervous. Slept aa usual, 7.6 hrs. 
Feb. 25, 4 gr. eaffeb. Felt aa usual until 12:00, whan I became quite nerrons 

and remained so until 6:30. Also had slight headache during the same 

period. Slept as usual. 6.5 hrs. 
Feb. 26, 6 gr. sngar. Felt "dippy" and dull all day, cause unknown, unless 

weather is to blame. Slept as nmal, for 7.6 hn. 
Feb. 27, 6 gr. sugar. Felt better when I got up than nsuaL Bemainad so bH 

day. Slept as usual, 7.5 hra. 
Feb. 26, 6 gr. sugar. Felt aa nsual all day, though I was a little nerrons abont 

5:30. Slept aa usual, for 7.5 brs. 
Uareh 1, 6 gr. caffein. Felt as usual until 12:00 o'doek, whan I became «x- 

tremdy nerrons and remained so until 6:00 r.u. I>nTing the same time I 

had also a fever. Slept worse than osoal, 7.5 hn. 
March 2, sugar. Qot up feeling worse than nsaal Fdt dull ell day and bad a 

bad headache. 
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Oenertd Betult. — No clear difference between control and caffein 
dftTS np to time of 4 gr. doses. Nerroosnesa and headache follow 
aboat 2 hours after the 4 and 6 gr. caffein amoonta. No sleep im- 
pairment except perhaps after 6 gr. dose of caSein. 

8\ibJ6Ct 13, M., 22, 175, Eegviar U»6T, Squad II 
Fob. 10, I gi. angu, 10:30 A.1C. Felt and slept u notial, 7 hn. 
Feb. 1 1, 1 gr. aagar, u above. Felt and slept as nsoal, but awoka with & tanifle 

boBdache. 
Feb. 12, 1 gr. caffein. Felt miaaTable tbie morning, with eiek headache. Was 

preaeribed calomel. Felt weak and mdifferent after this dose. Slqit aa 

nmal. 7 hrg. 
Feb. 13, I gr. caffein. Felt verj well all inj, except for meet imconifortable 

mmbling and eonfusioii which aeema to be going on Ineide. Slept aa well as 

tunal, 7.2S bra. 
Feb. 14, 1 gr. caffein. Felt and slept ai usual. 7.25 hrs. 
Feb. 15, 2 gr. aogar. Felt and sl^t ae usual. S.70 hn. 
Feb. 16, 2 gr. augur. Felt as usaal to-daj, with exception of slight heavineos 

this morning. I attribute this to too much sleep last night. Slept more 

heavilj than usual, 6.76 hrs. 
Feb. 17, 2 gr. caffein. Felt and slept as usual. 7.25 hrB. 
Feb. IS, 2 gr. caffein. Felt and slept as usual. 6.76 hrs. 
Feb. 19, 2 gr. caffein. Felt as usual all da; with the exception of m; eTes. Had 

them examined and they have been suffering a good deal. This morning 

I had a hind of headache. Broken sleep and headache in evening. Betired 

at S;00 and arose at 6:45. 
Feb. 20, 3 gr. sugar. As osnal all day. Felt sleepy after dinner at night and 

retired at 8:30, arising at 6:45. Felt Stupid and drowsy. 
Feb. 21, 3 gr. sugar. As usual all day. Had a broken sleep from 9:00 to 6:45. 
Feb. 22, 3 gr. sugar. Felt a little stupid, otherwise all right. Slept as nsual, 

but only 6.6 hrs. 
Feb. 23, 4 gr. eaffein. Felt tremendously exhilarated and energetic for about an 

boor and a half, from 1E:00 to 2:00, and since I have been extremely 

nervous and a trifle unstrung. Took a long time for me to go to sleep, 

slept as Dsnal then, for 6.7S hrs. 
Feb. £4, 4 gr. caffein. Felt as usual all day. Betired at 10:00 with just the 

beginnings of a cold. Took quinine and hot lemonade, and had a heavy 

sweat. Slept as usual and feel buUy this morning. 
Feb. 26, i gr. caffein. Felt aa usual until about 1 :00 p.k. and then began to 

feel very nervous. Felt nervous until 3:00 and bad griping pains in 

abdomoi. Still slightly nervous (6:30). Slept as well as usual, for 7:75 hrs. 
Feb. 26, 6 gr. sugar. As usual all day. Slept more heavily than usual, for 

7.78 br» 
Feb. 87, 6 gr. sugar. As nsual all day. Played three games of handbell and 

tdt extremely tired up till abont 3:00. No pains or nervousness. Slept ai 

usual, for 8.5 bra. 
F(A). 28, 6 gr. ngar. As osoal all day. Slept aa usual, but with queer and very 

nnosual dreams. 7.6 brs. 
Uarch 1, 6 gr. caffein. Felt as usual up to 12 :00 or so. Felt extremely nervous, 

shaky physically, ever since. Not so nervous at time of writing (6:30), but 

very irritable. Slept as well aa usual, for 6.76 hrs. 
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HsTch S, sngsi. Feel miBerable. Developed & sick bilioiu headache around 
1:00 p.y. and it has been inereaaing in iuteuaity ateadilj. No relief hs 
6:30 P.u. 

General Result. — No effect ap to time of 4 gr. doees of eaffein. 
Nervousness and irritability follow these and the 6 gr. doae. No 
report whatever of sleep impairment after eaffein. Stomach pains 
mentioned after one of the 4 gr. doses. 

Subject 2, F., 38, Regular User. Worked Alone 
Feb. 10, sugar, 8:30 a.h. Been dreaming of tjpewiiting. BecoTering from a 

cold. Feel tired and have headache and pain or aelie in upper part of 

spins. Slept as oaaal. Strange dreams. 7.5 hrs. 
Feb. 11, sagar, as above. Seem to be more nerroiu than nsaal. Did not have 

good control. Cold better. Not so miieh aching and not so tired. Slept 

about as usnal, perhaps a little more wakeful. 7 brs. 
Feb. 12, sugar. Woke feeling well, except for cold, which is better. Felt the 

beat phTSieallf of all dafs so far. Head felt a little full during the 3:10 

period. Slept as nsnal, for about 7 bra. 
Feb. 13, 1 gr. eaffein, as above. Felt best of any day. Cold about same. Did 

beet work yet Slept onusnall; well for about 7 bra. 
Feb. 14, 1 gr. ealfein. Felt well all day, but tired at night and a little dis- 

conraged. Slept fairly well for about 7 hrs. 
Feb. 15, 2 gr. sugar. Felt tired and languid all day, with slight headache, 

increasing a little toward night. Slept as usual, 7 hrs. 
Feb. 16, 2 gr. eaffein. Slight headache in morning disappeared by noon. Aside 

from cold, which is bettor than yceterday, have felt very well. Slept about 

as uauat for 7.5 hn. 
Feb. 17, 2 gr. sugar. Felt some dullness and lassitude as is usual on such dark 

rainy days. Otherwise have felt very well. Slept as usual. About 7.S hrs. 
Feb. 18, 3 gr. eaffein. Felt pretty well this a.u.; slight headaelia developing 

towards night (catarrhal) probably due to the damp weather. Slept very 

soundly for about 6 bra., and less soundly for 1 hour more. 
Feb. 19, 3 gr. sugar. Felt pretty well through the day, except that the work 

seemed to be an effort. Tired and somewhat discouraged when night came. 

Slept very poorly for about 6 hrs. UnDsually nervous and worried. 
Feb. 20, 3 gr. eaffein. Have felt dispirited and out of harmony somewhat all 

day— perhaps due to lack of sleep — otherwiae well. Slept about aa usual 

for 7.6 hr*. 
Feb. 21, 1 gr. sugar. Did not feel very well through the day, but better to-night. 

Slept unusually well for about 8 hrs. 
Feb. 22, 4 gr. eaffein. Felt line all day, aa is usual in good weather. Slept as 

well as usual for about 7 hrs. 
Feb. 23, 4 gr. sugar. Felt aa usual all day. Slept as usual, for 7.S hn. 
Feb. 24, 4 gr. eaffein. Felt well aU day. Did not sleep nearly to well aa usnal, 

not more than 3 or 4 hrs. Seemed to be nervous. HmtI thumpUig part of 

the time and then very faintly. 
Feb. 29, 4 gr. sugar. Felt as well as usnal. Slept aa usual for 7 hrs. Felt 

tired in the morning, probably due to lack of sleep the night before and 

to the damp cloudy day. 

12 
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Feb. S6, 4 gr. caffeiu. Slight headache most of the ds;, with aame Mhiug ii 

back. About as oaual in soft damp weather. Slept fairly well foi about 

e hn. 
Feb. 27, 6 gr. sngv. Felt aboot «a unial, except tired from lack of sleep. 

Slept prettj well for about 7 hra. Awoke with headache, dve perhaps to cold. 
Feb. 28, S gr. caffein. Headache moat of day. Eyes felt weak and watery. 

Hands cold most of the Say. FAt better toward night. Slept rather 

brokenly for about 7 hn. 
March 1, 6 gr. sugar. Felt cold all day, arms stiff, could not relax much. Slept 

very well for about 7 hrs. 
March 2, 6 gr. caffein. Felt well most of the day. Slight headache part of the 

forenoon. (No record of sleep for this day.) 

Qeneral Result. — Up to the tiine of 4 gr. doses there is no clear 
difference between caffein daj^s and control days. After doses larger 
than this, headache is present, and disturbed sleep. Headache, 
nervousness, tired and discouraged feeling about as prominent on 
control days as on caffein days. 

Final Statement of Rbsuuts fob Au. Squads 
Allowance must be made for the tendency to headache and ner- 
vousness reported even by members of the control squad (see espe- 
cially subjects 1, 7 and 15). The strain involved in the repeated 
completion of tbe series of tests at the highest possible level of per- 
formance was considerable. Thus the cancellation test produced 
such great eye strain on the part of one member of the control squad 
that it was found necessary to excuse him permanently from this 
test. Most of the subjects reported more or less strain directly 
traceable to the strenuous character of the tests themselves. Con- 
sequently only such symptoms can be securely taken to indicate 
caffein effect as are clearly present on caffein days only or are 
unusually prominent on those days, as compared with the control 
days. Tendency to headache, nervousness, dizziness, feverishness 
and occasional sleeplessness are distributed in a fairly uniform way 
throughout the reports of the control squad. Bearing these facts in 
mind, the following seems to be a fair statement of the influence of 
caffein on the general health and feeling of well-being in the case of 
the subjects participating in the present esperiment. 

Squad II. (weights 144, 160 and 175), taking pure caffein oifca- 
loid doses three days in succession at 10:30 a.m., without foodrsub- 
stance. — No effect up to the time of the 4 gr. doses. After 4 and 6 
gr. amounts, nervousness, feverishness, headache, irritability and 
disturbed sleep. Much tbe same thing may be said of Subject 2, who 
took doses at 8 :30 a.h., working independently of the squads. 
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Sqtiad III. {weights 130, 159, 193), taking pure caffein alkaloid 
(m altemate days, with increasing doses, with the mid-day lunch. — 
No Bleep impairment except in the case of the woman after 6 gr. 
Nervousness and heartburn or stomach pains after doses of 3 gr. or 
over. Dizziness and headache after 6 gr. amounts. 

Sqtiad IV. taking the doses on alternate days in the mid-after- 
noon on an empty stomach. — Men subjects (weights 157, 174), no 
influence up to time of the 4 gr. doses. For larger doses, nervous- 
ness and dizziness or headache. Sleeplessness after 6 gr. amounts 
only. 

Women subjects (weights 105, 125, 110), dizziness or light- 
headedness, attacks of perspiration, numbness or coldness of extrem- 
ities, nervousness, drawn feeling in throat and head, and sleepless- 
ness unusually prominent in the case of the two sUgktest subjects 
after doses larger than 2 or 3 gr. In the case of the heaviest of the 
three, the symptoms do not appear in any unusnal degree until after 
the 4 or 6 gr. amounts, as in the case of the men. The apparent sex 
difCerence found with this squad is probably entirely a function of 
body weight. 

The subjects quite uniformly report improvement in health, 
spirits and general efficiency at the close of the experiment. This 
is perhaps due to the regular regime of life followed during the 40 
days. Those who had given up the use of caffein-containing bever- 
ages during the experiment and for several days previous to its be- 
ginning do not report any craving for the dnnks as such, but several 
expressed a feeling of annoyance at not having some sort of a warm 
drink for breakfast. Two subjects report a gain in weight, two a 
loss, and the rest either report no change or are unable to state. 

The two principal factors which seem to modify the degree of 
the caSein infiuence are 9>ody weight and the presence of food in 
the stomach at the time of the dose. For more detailed study of the 
influence of caffein on the quality and amount of sleep, see the special 
chapter dealing with those points. There is a dose correlation be- 
tween the two sets of results (sleep and general health). 
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CHAPTER XV 

GONOLDSION 

The results for each test hare been bnefly Bommarized at the 
close of the chapters. No attempt need be made to restate these con- 
clusions here except perhaps by way of a schematic review of all the 
tests. Such a review is presented in the following tabular aummaiy. 
Snch a summary is of course wholly inadequate to express the signifi- 
cant facte which the various chapters have brought forward. Its 
chief interest comes from the assemblage of the varioos teste in 
groups, the groups being roughly designated by the p^chological 
process or function which is especially prominent in the performance 
of the teste included in the group. It is clear at once that the caffein 
influences all the teste in a given group in much the same way. ' The 
effect on motor processes comes quickly and is transient. ' The effect 
on higher mental processes comes more slowly and is more persistent. 
Whether this result is due to quicker reaction on the part of motor 
nerve centers, or whether it is due to a direct peripheral effect on 
the muscle tissue, the pure psychologist can hardly be expected to 
know, 'Physiological experiment, however, seems to indicate that 
c&ffein has a direct effect on the muscle tisBue, and that this effect is 
fairly rapid in appearance. 'The physiolt^y of absorption also ex- 
plains the fact that the presence of food .substance in the stomach 
retards and reduces the c&ffein influence. The dependence of the 
amount of the caffein influence on the body weight of the in^vid- 
nal has already been explained in terms of the amount of the sub- 
stance ingested per unit of tissue affected. 

One of the most interesting facte shown by these experimente is 
the complete absence of any traces of secondaiy depression or of any 
sort of secondary reaction consequent upon the stimulation which is 
so strikingly present in many of the teste. * Rivera' oonclusion, al- 
ready referred to, that "caffein increases the capacity for both mus- 
cular and mental work, . . . without there being any evidence, 
with moderate doses, of reaction leading to diminished capacity for 
woi4:," is thoroughly confirmed by the resulte of all the present ex- 
perimente. This result is quite ih contrast with the secondary reac- 
tion said to follow stimulation by such a drug as strychnine. It 
must be said that our present knowledge concerning the precise mode 
164 
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of action of drugs on nervonfi tissue iB very inadequate. That the 
increased capacity for work is prodnced is clearly demonstrated. 
That this result is a genuine drug effect, and not merely the effect 
of excitement, interest, sensory stimulation, expectation or sugges- 
tion, the carefully controlled tests here reported prove beyond any 
possible doubt. But whether this increased capacity comes from a 
new supply of energy introduced or rendered available by the drug 
action, or whether enei^ already available comes to be employed 
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more effectively, or whether the inhibition of secondary afferent im< 
pulses is eUminated, or whether fatigue sensationfl are weakened 
and the individual's standard of performance thereby raised, no one 
seems to know. The interpretation is obscure but the facts are plain. 
The widespread consumption of eaffeinic beverages under cir- 
cumstances in which and by individuals for whom the use of other 
drags is stringently prohibited or decried seems to be justified by the 
results of experiment. But it should be emphasized that the results 
of the investigation here reported bear only on the more or less im- 
mediate effects of caflein on performance. It is true that the in- 
vestigation as a whole covered a period of 40 days, and that in the 
intensive experiment the effect of single doses was traced for a period 
of 3 days. But the results can not be carried over bodily to the 
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question of the continuous use of the drug. One can only assume 
that if the constant use of caffein in moderate amounts would prove 
deleterious, some indication of such effect would have shown itself in 
the careful study of performance in tests covering a wide range of 
mental and motor processes, a wide range of doses and of individuals, 
and of time and conditions of administration. Nor can anything be 
said, on the basis of these results, concerning the physiological or 
neurological effect of caffein, except in so far as integrity of struc- 
tnre can be inferred from unimpaired function or performance. 

It ahould be further pointed out that the quantitative results of 
this investigation of the influence of caffein in its pure form can not 
be directly compared with the action of its citrated form, which is 
only half caffein, the remainder being citric acid which itself has a 
demonstrable action on nerve and muscle tissue. Much the same 
thing is tme of the action of tea, coffee, and other caffeinic bever- 
ages, which contain a variety of other substances which may be sup- 
posed to enhance or neutralize or otherwise modify the effect of the 
caffein content.' Many of the results commonly attributed to these 
beverages undoubtedly come, in so far as they can be demonstrated 
at all under controlled conditions, from these non-caffein ingredients. 

' Tlie average cnpfal of hot tea (black, 9 fluid ounces) contwm aboat IJS gr. 
of caffein. About the same amount ii present in the average after-dinner enp of 
black coffee (2 flnid onncee). An avenge glaag of cold green tea (8 onncee 
exelosive of ice) containe about 2 grains, nhile an average cupful of coffee with 
hot milk (5 onncee, three fifths coffee and the reet milk) contains aboat 2.5 grains 
of caffein. 
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